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PROJECT  MERCURY 
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Tile  pi*ojpci  lias  tinw  prussivl  ilie  ihresliold  of  a nmj(*r  ftiylii  h‘s( 
|HT>^ram  ni  hIuhI-  and  lon^-nin^p  ballistic  tli^rlMs,  leading  lirst  in 
minmimed,  and  lafei-  on  to  nmnmnl  orI)ital  fli^rhls  late  in  n>t»l  if  all 
wvU. 

Prnjeei  Mercui'v  ]mrsiied  with  the  ;rrcalesl  senscMj-f  nr^eney* 

This  ui-<rtnicv  sfeins  from  the  fact  that  flie  [irnjeci  will  supply  nnswtM*s 
to  nnuiy  questions  that  must  Unanswered  lM*foi-iMme  can  prfK*eed  \rith 
the  next  sle|>  in  the  manned  space  flight  [rrogratn,  tUdore  future  pro- 
grams can  go  very  far  drnvnsf  reanu  much  must  U‘  lesirned  aUnif  nianV 
(aipalii  I it  ies  in  space  and  aUiiif  the  general  technology  of  manned  space 
fligld* 

As  nieniioned  [>revioiisly,  Menmry  carries  a national  I>X  priority 
rating.  Ibit  a I>X  [>riorify  rating  alone  does  not  assure  tlnil  u pi'ojeci 
win  move  forward  with  great  speetL  'Flie  implementation  of  a [n*r  qect 
sucli  as  Mercury  ilemands,  on  a com  inning  l>asis.  hound  less  energy* 
entimsiasm*  ami  determination.  Work  on  Projet-l  Merciny,  hoili  at 
I he  contra(‘tor's  facilities  at  St,  I^ouis*  Mo.^  and  the  Mercmy  facilities 
at  (^ipe  (^maverah  is  ]>r'(H*eeding  on  a three*sliift*  T-ilay-u-week  basis. 
All  rmnnUu's  of  t!ie  Mei-^niry  team,  be  they  in  NASA,  I>Of>*  or  in 
private  industry*  are  making  eve  it  etTort  to  meet  the  goals  estahlisheil 
fi)V  them. 

It  must  U*  ref'ognized,  Imweveiv  that  T^r(>iecl  Mercury  is  a research 
and  ilevelopment  program*  and  lliei'efore*  does  not  lend  itself  to  the 
firm  type  of  s<diediditig  t hat  typifies  a prodmaion  )irf*gratn.  Inslead, 
it  is  only  jxissiltle  to  estalilisli  target  (lates  with  the  full  recognition 
that  such  target  dates  must  U^clianged  as  new  knowledge  is  gained  or 
the  (*oniplexily  of  the  problems  confrcmi iiiir  the  develojiiiient  UM^oine 
more  clearly  ilefinetl  ami  si^bedules  ivoritniteil  to  ovemane  them. 
After  aib  if  there  weiv  no  pnddem  to  4iveiX‘onie,  then*  wtmld  U*  no 
need  fora  resea i^eh  and  development  [>i'ognim. 

In  Pnijt»e(  Mercury,  target  dates  have  l»een  established  for*  every 
facet  of  (he  operation,  dl»es<*  include  target  < lates  ftir  delivery  of 
(components,  suUystems  and  com[)Iete  capsides*  Alsi>  imduded  art* 
lai'get-  dates  for  capsule  pre|)aration  se<(uenct*s  and  lantich  periofis 
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INFLATAliLE  STRUCTtlRES  l\  SPACE 


FRIDAY,  MAY  19,  1961 


IliU'SK  nr  l{i;i*liKSKNTATlVEFi, 

CoMMMTKK  ON  SriKNt^K  AM)  AsniuNAinif’S, 

WasJiingfon,  IKO. 

Tho  rommittpo  mot  at  H>  a.m*,  lion,  OviM'ton  Brooks  (i^hairmun) 
presi<ling* 

Tht'  Chairman.  The  ('onimittoe  will  come  to  oi'der, 

Mr*KiN(i.  Mr,  dmirnmiu  coiild  I mention  that  we  have  with  ns  the 
distinjitiished  (\)iifj:ressiimn  from  Minnesota,  Mr.  Albert  (jnie,  who  is 
l)ei*e  \>y  virtue  of  the  fart  that  Erho  I was  fahrieattMl  in  XorthfiehL 
Minn.^  which  is  in  the  tlistric^t  of  the  gentleman  from  Minnesota. 

1 tiijiik  the  record  should  sliow^  that  he  is  here  as  a visitor. 

Mr.  Hkc’hlkr.  I would  like  to  join  in  weh'oniin^  my  ct>Ilea^mN  Mr* 
Quie,  to  the  eonimittee. 

Tlie  Chairman.  'We  are  happy  to  have  yon  rids  niorinnjj:,  ^^r,  Quie. 

This  morn  in  we  open  a 1-day  hearing  on  the  matter  of  the  ])otential 
uses,  ]>roblems  and  funding,  ami  ih'SimutIi  and  clevelopnient  on  “Influt' 
able  Struct  ni‘es  in  Space.** 

AVe  have  a jroocl  many  witnesses  this  inorniiifr*  I thirdi  it  is  entirely 
pi*o]>er  tliut  we  follow  the  tjeariiifrs  that  we  have  had  by  this  fuie  on 
‘‘Inflatable  Structures  in  Space." 

AVe  have,  of  course,  our  distiniruished  <^ol league,  AVe  want  to  liear 
from  him  in  just  a moment. 

AVe  have  Mr.  T^.  K.  Loft  in,  dr.,  Te<dinicsi!  Assistant  to  the  Director 
of  the  Laufifley  Research  Center  of  NASA  ; Mi%  A^'illiaiu  d,  O'Sullivan. 
Space  Vehicle  Group,  Lan^rley  I?est*arch  Outer,  NASA:  Mr,  Robert 
AA".  Kichardson,  vice  president,  Goodyear  Airt'raft  (’orp. : Dr*  linbert 
S.  Koss.  Goodyear  Aircraft  {V)r|)..  and  Air.  Robert  T,  Madden.  Good- 
year Aii'fU'aft  Corp.,  also. 

A\"e  are  yrlad  to  have  these  frentlemeii  here  Avith  us  this  moruin^j. 

Mr,  Quie,  I know  of  your  Interest j because  I just  talked  to  you. 

It  is  customary  for  the  committee  ia  hear  the  Meinl>ei's  of  Conp*ess 
first.  If  vou  have  a statement  vou  would  like  to  ^i\’e  us  on  this,  we 
would  I)e  plad  to  liave  it  at  this  time. 

Following  that,  we  will  be  ^rhid  to  linve  yon  come  up  and  sit  with 
tlie  committee  and  stay  Avith  us  as  loiifr  as  you  like. 

Mr.  fji  iK.  Thank  you,  Mr.  Brooks. 


STATEMENT  OF  HON,  ALBERT  H,  ftUIE.  A REPRESENTATIVE  IN 
CONGRESS  FROM  THE  FIRST  DISTRICT  OF  THE  STATE  OF 
MINNESOTA 

Mr.  Quie.  My  name  is  AU>ert  II.  Quie,  Congi'essman  from  the  Fii'st 
District  of  Minnesota, 

I appiTciate  the  opportunity  tir  appear  before  the  committee. 
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INFLATABLE  STRUCTURES  IN  SPACE 


T will  hiU’e  to  decline  from  accepting  your  invitiitiou  to  with 
you  this  morning,  since  our  Kducation  iitul  Labor  Comriiittee  is  meet- 
ing and  vve  have  some  problems  confronting  us  tlieix*,  as  you  so  well 
know. 

In  Minnesota  and  in  my  congressional  district  we  are  indeed  promt 
of  the  work  flint  is  l>eing  done  by  one  company  in  Northfield.  So 
often  out  in  the  Midwest—and  I come  from  a little  fnianing  commu- 
nity next  to  Xorthfiekl,  Mi  mu — we  tend  to  think  of  s]>ace  explonition 
that  is  l>eing  done  some  distance  away,  a kxig  ways  away,  and  people 
have  wondered  if  they  would  see  anything  like  that  accomplished  in 
their  little  community.  We  were  indeed  proud  when  the  Schjeldahl 
Co*  in  Nortlifield,  Minm*  played  such  an  important  part  in  the  con* 
struct  ion  of  Echo  I and  now  Eclio  IL  'Ine  community  is  really 
enthused  about  what  is  being  done*  They  feel  the  old  pioneer  spirit 
and  their  esprit  de  corps  in  these  space  endeavors  would  surely  ipiite 
one’s  faith  in  America ; these  people,  no  matter  what  their  job  is  in 
the  part  of  fabrication,  are  so  enthusiastic  that  when  c.atle^l  on  they 
have  been  willing  to  practically  work  around  the  clof‘k* 

As  M’e  re4ul  of  this  person,  Commander  Sboparcl— rieople  had  kind 
of  lost  faith  with  the  Americans,  and  he  renewed  their  faitli  in 
themselves* 

I til  ink  if  you  could  come  out  there  and  see  that  company,  too,  you 
would  have  a renewed  faith  in  the  American  people* 

I feel  inadequate,  speaking  liere  upon  such  a technical  subject,  be- 
cause I have  no  technical  experience,  myself.  For  that  reason  I was 
glad  I was  able  to  speak  firet,  because  T would  surely  fe<d  inadequate 
after  bearing  some  of  these  otlier  men  like  >fr*  O’Sninvun,  wliom  1 
have  heard  so  much  about,  not  only  read  about,  since  Miv  Schjeldahl 
speaks  of  him  in  glowing  terms. 

We.  in  Minnesota  and  that  area  are  indeed  proud  of  the  work  being 
done* 

At  this  time,  I would  like  to  include  in  the  testimony  a statement  hv 
Mr*  G*  T,  Schjeldahl— the  bead  of  the  G,  T,  Schjeldahl  Co, ; 

Erettaui^e  asd  Ixelatarle  Strccittres  irr  Space 
By  O.  T,  Schjelrtnhl  Co„  Northfield*  Mino,,  May  34*  11»C1 

Having  already  ventured  brietty  Into  space*  man  Is  developing  a host  nf 
vehicles  and  caimiles  to  proixd  him  and  protect  hhii  as  he  soars  into  the  Inter- 
planetary voifL  Highly  complex  rtK^ket  Kysteins  and  compact  and  efficient  spnf‘e 
cai>»iiles  will  of  course  play  the  major  role  In  helping  man  leave  this  Eartl^for 
pnrtii  unknown* 

Vet  Jiiau*  as  he  plans  bis  most  epic  voyage*  Is  turning  his  attention  ti>  ihe 
same  si)ec‘taculur  devh^  that  enabled  his  predecessors  to  leave  tlie  ground  s<une 
two  t^H^niuries  ago — the  bali<K>n  and  Its  mtxlem  countenwirt,  the  inflatable  sateP 
Ute*  or  ‘^satelliam/' 

THE  IXFl*ATAaf,E  STRrt'TrRE  Ifl  AT^gf-lAPY  IX  ORHIT 

On  August  12,  IfMiO,  the  National  Aeronautics  and  Spa(^  Administration  shot 
into  fhe  heavens  the  largest  volume  satellite  ever  thrust  into  orhit^ — Echo  I, 
This  lOd-f^Hd  diameter  plastic  sphere,  designe<l  and  mannfacture<i  by  the  (1,  T, 
Schjeldahl  Co,  of  Northfield,  Minn*,  is  still  in  orbit — a visible  symlxd  of  American 
creativity  for  all  the  world  to  see* 

The  Schjeldahl  Co,  is  already  at  work  on  other  spa<'e  inflatable?.  These 
include  the  forthcoming  Echo  TI  on  which  suceeiwful  inflation  u^sta  have  been 
concluiled  by  NASA,  Langley  Research  Center*  nod  Pn)Jeca  Rebimnd  in  which 
several  inflatable  ^satellites  will  l>e  launche<l  in  orbit  from  a single  rrickct  carrier* 
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All  these  Liflutrthle  wntelUions  lujve  a common  iitu^stor — th«  halhmn.  But 
while  the  ha  1 ham  Is  desijnuHl  to  up  ami  come  down  npahi  within  n very 
short  }>erliKl  of  time,  the  sat.ollfKai  Is  so  const r net e<l  that  St  will  remain  In  rjrldt 
for  extremely  lonpis^rUKls — j^erlmps  immy  yeiirn. 

The  liitlntahle  satellite^  niwh  as  Echo  I ami  &.'ho  II  and  other  satellites  (level- 
oped  by  the  Sehjeldahl  Ui».*  must  l>o  precisely  enpiueertHi  and  sc^ah'd  l>y  meaiiw 
of  II  sui>er  adhesive  that  will  withstand  the  hostile  environment  eimw  The 
Schjeldahl  Uo.  haa  deveh>i>ed  such  an  adht'Sive — -I'alled  “SchjeLBond  iiOl,*'  wliicli 
has  held  Echo  I toj'ether  Lir  nearly  a ye«ir  despite  the  ravages  of  extreme  ti*m- 
I>eratures,  radiation  and  low  vacuum. 

AN  EFFICIENT  AND  ECONOMICAL  DEVICE 

The  indatabk*  apache  satellite  Is  an  efhcient  and  etwmniical  device  that  ran 
packed — uulnhated^ — in  a small  canister,  Rhot  by  r<x'k(d  Into  space  and  then 
Inflated  to  becfune  a massive  satellite,  iwrhaps  100,(X)0  times  its  nninflated 
volume.  It  eun  l>e  prefabrlcat(*d  In  un  unlimlti'd  variety  shni>es  and  sla=^  to 
lierform  si)eclhc  funtliona.  such  as  rellectinjs  electronic  signals,  gathering  s<>lar 
energy,  providing  Fafe  shelter  for  man  in  siwice  and  for  storing  gases  and  fuels 
In  siMice. 

Up  to  the  present  tlme»  inflatable  space  structures  have  been  used  mainly  to 
reflect  electronic  signals.  MaiFa  flrst  space  ImllooiL  the  R<dan  i /Socket  WaHoon 
/nstrunient),  is  a one-meter  diameter  Mylar  sphere  with  a built-in  (*orner  rt*- 
llet'tor  for  ground  radar  trucking.  Hohtn  was  designed,  developed  and  bnilt 
hy  the  Sehjetdahl  Cck  for  met.t*orologlcal  pinrios^^s.  More  tluin  200  of  these 
unique  devices  have  been  shot  by  the*  U.S.  Air  For^e  to  altitudes  of  about  ”>0 
miles,  inflatiHl  and  allowed  to  drift  liark  to  I'arth.  Tbe  radar  plots  of  their 
(*orner  reflectors  yield  such  meteorological  Information  as  wind  direction,  wind 
s|s»ed,  nlr  density  and  air  temi>erature. 

PASSIVK  EATEELITEB 


Hobin  is  an  example  of  a ''passive"  coinmiinlcatlon  satellite.  *' Active"  rom- 
munlcation  satellites  carry  into  space  a radio  ren-eiver  and  transmitter  so  that 
they  can  ref-eive  signals  fnmi  one  (Miim  and  relay  them  to  another  point.  Tht* 
activ'e  satellite  must  carry  its  own  ismer  or  possess  the  means  of  deriving  jvovver 
from  extenial  sourct^s.  It  has  (t*rialn  inherent  disadvantages:  (1)  it  cannot 
be  repaired  in  sjaice  If  SfUitethlng  goes  wrong  and  (2)  its  signal  can  l>e  jammed. 

The  i>assive  communications  satellite  is  in  efTetd  fuie  or  a series  of  electronic 
"mlm^rs"  in  sjwic^e  which  re^flect  siguals  i>eamed  to  it  from  the  ground.  Such 
signals,  since  they  are  beaimxi.  cannot  l>e  Jammed. 

This  Earth’s  only  orbiting  jaisslv'e  communication  satellite  is  FJcho  I,  launche<l 
iiy  the  National  Aeronautics  and  S|wice  Administration  Augimt  12,  UXiO,  from 
Caihc  Canaveral  and  still  (dreiing  the  globe  1,000  miles  out  in  simce.  Echo  I 
was  manufactured  by  tlie  Schjeldahl  Co. 

Echo  I's  chief  disadvantage  as  a jmssive  comiminication  device  is  the  low' 
ratio  ot  pr>wer  tif  the  retierdfsl  signal  to  that  of  the  projci‘t(sl  signal.  Tills  low 
rest HUise  is  due  to  the  fact  that  It  is  spherical.  AJilimigh  Echo  I is  lfM>  In 
diameter,  the  efftxdlv'e  reltHdive  "disc'"  is  <mly  a so  in  diameter,  Iws'Utise 

The  surface  of  the  satelhjon  is  extremely  shiny. 

Echo  IT,  irto  fetd,  in  diameter,  which  only  rn^ently  was  siibjetded  to  successful 
ground  luflatiim  tests  at  VVeeksville,  N.<\,  has  a duller  surface  than  Echo  I and 
will  present  a much  larger  refletdive  surface  anil  hence  will  provide  a greater 
ratio  of  response  to  input  signal. 

ECHO  II  r»0  TIMES  HTRON^iEH  THAN  ECHO  I 

This  material  in  Echo  II  is  ,>0  limes  more  rigid  ttian  the  material  used  in 
Echo  I.  It  is  a lamlmite  consisting  of  two  layers  of  iiluminum  foil  only  IS 
hundr(Kl-tlumsnn(ltlis  of  un  inch  thick  hondnl  Tcj  a tenter  shm  of  Mylar  Jio  hun- 
dreds housandths  of  an  in*'h  thick.  The  rigid i/.ed  spheres  will  weigli  alxmt  oOd 
Itrmnds  eacdi. 

When  Echo  T1  Is  inflated  in  space,  the  folds  and  wrinkles  It  rtn^eives  as  a 
result  *yf  jiacking  will  disapi>ear.  When  the  sphere  is  pmicturcHl  by  meteorites, 
releasing  its  inflation  agent.  It  will  not  deform,  for  it  vvill  not  "nuiiember"  the 
folds  and  wrinkles  it  incurred  in  its  ‘Tetal"  ]M»sitiofi  within  the  rt>cket*s 
canister. 
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At  the  present,  time,  the  Sehjehhihl  Co,  Is  \V(»rkinfr  with  the  Horidard  Spare 
Flight  Center  nf  NASA  In  (leveleriinK  a diameter  ititln  table  phi  stir 

sphere  for  rehmuulinij  sifninls  frmu  one  sat  ell  lie  to  another*  (timiI  of  the  proj* 
eet — rail  (Hi  Iteh(HimI — is  to  prcHlnee  a new  li^hl  weijrlit  riniterJal  tliat  t^jmt>ares 
in  streujjtU  to  the  nmteriiil  of  Eeho  II.  7'hls  will  he  aei'onipUslUHl  hy  rhemi<-al1y 
‘huUlln^^**  out  a pattern  of  Hmtlar  '"whidows”  from  the  ahiinimtin*  leaving  the 
Mylar  membrane  In  tart.  The  nehvrjrk  of  aluinirmm  art^hes  remulniiig  will 
preserve  the  riKidify  wlih  an  art'ornpanying — and  desirable — redut^tlon  of  weight 
nnumnting  to  about  iw-rcent* 

SEV^KRAI.  RATEU.OO^S  r>‘  ONE  ROCKET  VEIIIOX 

Projeet  Heboimd  will  ooiirentrate  on  plaelnt^  three  intlatahle  satellites  in  a 
<'ircular  orbit  from  one  rocket  vehicle*  These  will  be  spai'ed  at  iiredeterndned 
Intervals  in  order  to  test  their  effectiveness  In  bounetm?  radio  signals  from  one 
satellite  to  another,  thereby  exteiidinK  the  range  of  radio  wave  propagation  far 
beyond  that  of  a single  satellite,  sueh  ns  Echo  I and  Keho  II* 

Launching  of  the  first  thnn*  Rehound  satellites  is  scheduled  during  the  first 
quarter  of  ItXkT  A launchlzig  of  six  Rehound  satellites  from  a single  rocket  to 
form  a “^string  of  heads"  around  the  Earth  wilt  o(*cur  sometime  In  IlMU, 

In  a move  to  increase  the  signal  res(>onse  and  dlrectlotialize  it,  the  Schjeldahl 
Co,  is  projMising  through  the  Wright  Air  Development  Division  to  create  a new 
and  flld'erent  series  of  Influtalde  passive  satellites.  This  new  in  (la  table  will  be 
comparable  to  a chandelier  in  space*  containing  a multitude  of  small  reflective 
units  whlidi  \vill  vastly  izuTeiise  the  strength  of  the  reflected  signal*  Moreover, 
by  maintaining  a sjKM'iflc  attitinle  with  rf»siM*(d  to  the  EartlFs  surface  as  It  or- 
bits* the  sateliite  will  project  a "(*0110"  with  signal  stnuigth  nmxltnum  at  the 
perimeter*  Thus,  a passive^  satellite  In  synchronous  c*rbit — -with  its  orbital  si»eed 
the  same  us  the  Earth’s  dally  rfdatlon — would  projee-t  its  strongest  signal  to  the 
horizon*  Since  synch rmuais  orbit, s W]uire  high  f it  odes — apiiroximately  212.500 

miles — the  '*horizotr'  would  be  ia*rhai>s  tMMMl  mlU‘s  away.  Smdi  a device  would 
be<Hjme  a tactical  nonjatamable  coimmmications  device, 

l?rri*ATABt.K8  TO  A 10  ACTTVE  BATELUTES 

The  role  of  infla tables  is  by  no  means  confined  f<»  imssive  satellitf*s*  They 
promise  to  he  iinj>ort)int  to  active  satellites  ns  well,  Iluge  inflatable  antennae, 
precisely  t'OiistrucltHl  on  the  gnaind,  will  hurgi^on  out  in  space  to  enable  maximum 
l)roi)agntloii  of  the  ac^tlve  satellite's  signal. 

Tlie  Inflatable  concei>t  aiso  will  he  applied  in  Imildltig  all  tyi>es  of  space  stnu*- 
tures,  Presetd.  thinking  at  Langley  Kescarch  Laboratories  favors  a “iniirriage" 
of  In fla tables  and  er(H'tahles  so  that  ctauhinations  of  rigid  meml>ers  (‘an  be  foldeil 
into  compa(‘t  forms  and  "married"  to  an  inflatnhie  olOec-t  in  spn^H**  Sm-h  a method 
shows  great  promise  lu  the  problem  of  creating  spm^e  stations  in  which  men  can 
survive  the  spa(‘e  environment,  Siniilzirly.  infta tables  comijonents  of  various 
structural  devices  will  be  rfKdceted  int(»  spact*  and  inflated  and  rigid Iz*h1.  Tlie 
economy  and  efflciency  of  such  a method  of  erecting  devices  In  space  are  olndmis, 

NEW  MATERIA I.S  REIXG  nKVEI.OPED 

At  the  present  time*  the  t^elijeldahl  Co.  is  condm^ting  research  in  developing 
new  materials  to  withstand  the  spjice  environment  for  prolonged  inTlods.  Tht»se 
include  com blnat Lons  with  mineral  fillers  that  promise  to  he  as  strong  as  the 
strongest  steels.  Other  i ti vest igat ions  planned  are  for  the  development  of  plastic 
rtmterials  that  will  not  burn — even  In  the  searing  Idast  of  a plasma  ton^h. 

M"e  believe  that  Infla tables  will  iissunie  a ccmstantly  ImTcusiiig  role  in  the 
unfolding  drama  of  the  s|^a^e  age.  Tlieir  ec^momy  and  their  ratio  of  colluiwd 
size  to  inflated  size  (^oimmind  their  continue<i  npplU^Uitm. 

LIMITLE8B  NrMBER  OF  MISSION R 

I^eonard  .Taffe,  chief  of  NASA's  CMunmunicarlons  satellite  progranu  emi>hasize.s 
that  infla tables  can  t)e  designed  and  const ructeci  to  is‘rfonn  an  almost  limitless 
number  of  misshms. 

"The  feasihillt.v  of  using  a passive  satellite  as  a (‘ommnnit^alhms  reflector  has 
been  establisheil,'*  he  says,  "The  fat‘t  that  E(*ho  I did  not  completely  collapse 
u]Km  loss  of  its  Intermit  ]>ressurization  imiterlal  has  indicated  tliat  the  thin  wall 
structure  is  alnutst  structurally  staiiid  enough  to  withstand  the  space  environ- 
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meiit,  aiul  that  only  a uoniuml  itiomiso  in  rlgitiity  will  pn>viUe  ntrur- 

tiirw,'' 

AlM'H.NtnX  A 

Tlio  attadUHl  pln^Ujf?ni  ph8  i»t(*u>riully  i Hunt  rain  n XASA/  Liui(?lt\v  Ut\st>arrh 
Outer  <‘c»neeptuul  desljjn  of  an  erectalde  sjMirt*  Ktiition*  |T]u*  l>iftiiroK  in 
Mon  were  lu*!  of  rennaiiunlile  nunllty  and  Imre  lK»eii  plsiceil  cm  tile,]  Note  tlie 
iTiOi>riH»nuto]L  cd  an  oT>tlniiiin  eraiiliimtlou  of  imemiiatiejiLly  ami  tneohanirally 
enn^tnlde  s<^Knients,  Tliia  <'omhimif itm  ineorporaies  the  Ih^sL  advaataKf's  of  t^ieh 
tyiK*  romi)oaent.  The  ri^id  si»<Mions  eoutaia  all  ou-biaird  npiairatUM.  The 
pueiiinatleally  emiahle  mMiiuim  made  posslbh*  ihe  (le[ihjynjiajt  and  hiteit'cm- 
tuH^rhui  t*f  tile  rl^id  Heliums  in  a reatlydo-UM*  eondilUm  in  a matter  of  mimUea 
with  no  reqnirenieiil  tt^bolt  tf>^ether  the  i>art». 

Am  witti  pndeel  Eeho.  the  it.  T,  Sehjelilalil  Co,  is  ftdhminjr  earefally  tlie 
evolvetiient  of  the  re^imreh  dfine  in  the  Litn^rley  Lula^ralory,  I >eveloiimeiit  (^f 
materials  with  wlilcdi  to  aeeonjinish  this  task  is  an  an^a  wliere  <ITS(^>  will  make 
a <’ontrltjiition.  F'ahriejiticm  ttM-hniiiues  to  translate  the  <‘oneeid  into  an  actuai 
tost  vehicle  are  under  study  hy  the  I’ompany, 

This  is  an  ex<^eilent  ^^^anJlde  of  the  <*lose  teamwork  ladw-eeti  iiidtistry  and 
the  Koverttmeiil^ytious^msl  lahoraiorh^,  wideli  should  lead  iis  forward  in  man's 
ooininest  <>f 

The  (jIIaiuman.  That  wuk  a (iivwi  achievemenl,  I think  tlie  peo- 
ple of  Xortlilield  slionid  feel  justiHed  pride  in  tlieir  contribution  to 
this  ma  jor  iMTompliBhinenl  in  s|>ace. 

We  are  liap]>y  to  Iiare  you  liere  lliis  niorniii/r,  and  we  will  pive  your 
statemenl  ourt^invful  t‘onsidenition, 

Mr,  Q uiH*  'rimnk  you. 

Tile  (^iiAiRMAN,  The  next  witness  we  have  this  moniinp;  is  Mr,  L,  K. 
I^fUn,  .Jr„  Teclini  cut  Assistant  to  the  I >i  reel  or  of  Lan^lev  Keseareh 
("enter,  NAHA, 

Mr,  I>of(  in,  do  you  liave  a preparetl  statement  ? 

Mr,  Ij<ipriN,  No,  sir. 

Tlie  (^HAiRMAN,  You  caiiie  up  to  testify  on  this  subject.  So  I am 
sure  you  are  fannliJir  witli  it.  \Ve  will  he  ^lad  to  have  whatever  state- 
ment you  enre  to  j^i  ve  tlie  committee  on  this  subject* 

Mr,  Ijorrrv,  I only  learned  ve^sterdav  moi^niiiir  that  I would  \w 
ex|>ected  to  discuss  inflatable  struct  ni^es  tcxluy,  so  I Imve  no  prepared 
statement,  and  I niusl  ap(>hi^ize  for  not  haviiifr  any  lar^e  cliaids  \vliich 
you  can  see,  I do  have  some  proofs  whitOi  I mi/^ld  pass  around, 
[XoiT. — Tlie  committee  [)I;iced  its  request  witli  NASA  six  days  before 
I he  sc?lieduled  day  of  t he  hearing.] 

STATEMENT  OF  L,  K,  LOFTIN,  JR.,  TECHNICAL  ASSISTANT  TO  THE 
DIRECTOR  OF  LANGLEY  RESEARCH  CENTER,  NATIONAL  AERO- 
NAUTICS AND  SPACE  ADMINISTRATION 

Mr.  I/iPiiN,  In  s]>eakinjf  of  inflatable  stnictures,  1 think  it  1111*111! 
he  appropriate  first  to  point  out  wliy  it  is  we  should  be  inierested  iri 
tbe^se  thhiffS,  anyway. 

Basical Iv,  f liere  are  t wo  reasons; 

First  of  iiU,  it  takes  many,  many  pounds  of  fu'opellunt  to  put  one 
pound  of  payload  in  orlnt,  MV  all  know  this.  So  that  iinythinjf  we 
can  do  to  make  the  ] my  toad  lijfht  is  all  to  the  *ffK)d.  'This  is  one  reason 
that  we  are.  iiiietesteil  in  in  flat  a hies, 

Anotljer  reason,  wliicV  is  jierhups  not  quite  so  well  understoofl,  is 
this:  There  are  many  applications  in  space  for  which  we  would  like 
to  liave  a ci'aft  in  orbit  which  is  larpe  in  volume,  such  as  a s|)ace  sta- 
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tion^  oi*  in  area,  sut’h  as  a jiassive  (‘omnninit'ations  satellite* 

IIowev€*r,  when  one  looks  at  the  launrli  |>roblenn  it  lw*omes  obvious 
rlml  a very  I'eal  difficult v exists  in  trviii^r  mf>iint  a very  large  pay- 
load  on  the  end  of  a iwfcet.  This  dirfirulty  is  uss<Mdated  wifli  the  fact 
(hat  (he  rtM-ket  must  go  through  the  atmosphere  before  it  readies  orbit, 
and  with  t!iis  very  large  area  on  tlie  frf>nt,  we  encounter  an  iiet'o- 
dynamic  instability  which  is(]uite  large,  de[)entling  mvtlie  size  of  tlie 
thing  we  put  om  Y"ou  ran,  of  <a>urse,  lick  this  by  putting  on  tins  or 
something  of  tills  sort,  but  this  is  lieavy.  Even  more  imjiortantly, 
even  if  yon  ]>nt  (lie  tins  on,  you  ai’o  encountering  ^Try  large  bending 
nioments  in  the  missile,  itsel  f,  so  it  has  to  be  redesigned* 

So  that,  in  a nut  shell,  what  we  want  (o  do  foi'  these  large  pay  hauls 
is  to  srpieeze  them  dtnvn  into  a small  [lackage  on  top  of  the  boost 
vehicle,  get  it  into  orbit,  and  then  in  some  fashion  alloxv  it  to  blossom 
into  its<lesired  slui]je* 

Tliere  liave  Iwii  many  applications  ]>ropost'd  for  inflatable  vehicles* 
Perhaps  1 should  really  say  erectable  for  one  can  have  such  velncles 
either  ny  inflation  or  by  some  means  of  mechanical  erection  or  some 
combination  tliei'eof*  Tiiis  is  really  what  we  are  talking  atxmt* 

Things  such  as  communication  satellites,  solar  collectors,  corner  re* 
flectors  of  one  sort  or  another,  reentry  vehicles,  s|)ace  stations,  have 
lieen  proposed  tfi  employ  inflatable-type  strmiures  or  erectable  struc- 
tures* RatIuM'  than  go  through  the  many  api>lications  that  one  miglit- 
conceive  of^  in  which  an  erectable  structure  would  be  ap])lieable,  1 
thought  you  might  li*id  it  of  some  interest  if  we  would  distmss  with  you 
some  of  tlie  sinvific  wor'k  which  tiie  NASA  has  tlone  on  inflatable, 
erectable  structures, 

Fii"st,  I would  like  to  descril>e  to  you  briefly  ,some  t>f  (tie  exploratory 
research  which  we  have  done  at  Langley  lieseaivli  Center,  aimed  at  an 
atteni[)t  to  find  and  clarify  some  of  t he  problems  which  one  would  have 
to  overeonie  in  apjdying  the  erect  aide  concept  to  a manned  vehicle, 
AVe  hiive  not  tieen  developing  a man  net!  vetucle.  As  I say,  we  have 
l>een  studying  what  we  would  consider  to  Ih^  salient  or  pertinent  pmb- 
tems  which  would  have  to  l>e  solved, 

Seccmdiy,  Mr*  O'Sullivan,  who  is  sitting  on  my  right  here,  will  dis- 
cuss with  YOU  some  of  ttie  work  which  we  have  dotie  and  some  of  the 

■fr*’ 

experience  which  we  have  liad  in  actually  applying  the  erectable  tecli- 
nique  to  unmanned  space  vehiclessucli  us  Echo, 

To  talk  now  nhouf  die  manned  space  station,  we  at  Langley  started 
thinking  about  the  use  of  inflatiihles  for  such  a vehicle  about  2 years 
ago*  In  order  to  try  (o  fix  what  the  jiroblem  areas  were  that  we  should 
be  looking  aL  it  was  ne(*essarv  to  arrive  at  some  sort  of  a concept  of 
wliat.  the  vehicle  might  look  like, 

I have  some  pliotograplis  liere  of  an  early  version.  These  pictures 
were — this  model  was  designed  and  constructed  not  as  a proposal  for 
a space  vehicle,  ns  I say,  Init  rather  to  jiennit  us  (o  fix  on  what  kind 
of  proldems  you  would  run  into  with  someiiiijig  like  (his  and  what 
studies  WB  sliould  make* 

If  I could  jmss  these  around*  They  are  in  sequence,  'rhey  start  by 
showing  what  the  vehicle  would  look  like  on  top  <if  tlie  rocket*  Then 
as  you  pass  down  the  group  of  pictures  you  will  see  this  craft  slowly 
blossoming  out.  The  toroidal  shape,  wliich  is  in  the  form  of  sausage 
links  in  this  case,  would  Ik*  the  living  quarters  of  the  crew* 
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The  u]>pnrnUis  wliirh  looks  liko  nn  uimIutHii  ls  ii  soliir  collector, 
wlucli  u’oulfl  sii])nl y jxiwtM’  to  i lio  jK>\vor  plant, 

Tht  varicnis  ollipi*  ot'  apparatus  on  thero  arp  sun  seekrt's,  sTtu' 

spekrrs,  various  jjfuidaiU'P  am!  slalnlizat  ion  svslvms* 

In  looking  ai  this  worr  swoi'a]  pro1>lpms  thaf  wptv  apparent 

toustimt  we  slumlH  stinly,  ( >ne  of  thtMnost  ^^l^vions  ones  was  ( liaf  of 
tlie  nmtei'ial*  itself*  that  we  (*an  eonstj’uet  this  toroid  out  of,  II  has 
to  vvitlLstimd  the  spat^e  enviroiinient.  This  nieaiis  (hat  it  will  he  snh- 
je(*ted  to  varitms  ty]>e  of  !'adiatif>n*  It  will  he  subjected  to  td^rh 
viieminL  It  will  he  suhjeeled  to  jem]un'a(uiv  (‘Velinfi,  and  we  don't 
know  the  etlVets  of  these  phenomena  on  the  mate  rial  as  (o  its  l>ritlle- 
ness:  does  it  het^otne  l>ritt!e  witli  time?  Does  ii  tend  to  evai>ora1e  or 
boil  a\vay  ^ "\Ve  don't  know  what  thi‘  !nici*f>nieteorite  [R'olilem  is  Iiere, 
We  don't  want  to  punetm'e  this  thin;;,  finally*  we  did  not  waint  a 
material  which  would  (>ut<ifas  in  such  a way  as  to  ]>?‘ovnde  poisonous 
or  noxious  odors  inside. 

We  undertook  a study  of  mateiaal  proiierit ies,  'I'lie  (loodyear  Air- 
eraft  (^o,  undertook  a set  of  studies.  They  provided  ns  w'ilh  some 
samples^  and  we  more  or  less  w’orked  in  cooperatifm  on  this.  At  the 
present  time  we  liave  subjected  many  samples  f>f  materials  to  a 

vacmnn  environment  wddch  is  about  of  meivurv.  We  have  sub- 

« 

jected  it  to  I'licliation,  and  to  teinperatnrTs  np  to  alamt  HOO  decrees, 
Kahreiiheit, 

Tlie  t-ldiifTs  we  have  found  out  are  these;  We  have  found  materials 
that  do  deterionite,  wdiieh  one  would  not  use  for  such  applicatintL 
On  the  otlier  liaiic]  (hen^  are  other  fnatetniils  one  can  use*  l\nvat  it 
hoiks  downi  to  is  tlie  inateriiil  [irohlem  Is  not  a critical  one  in  the  sense 
that  it  does  not  rerjiiire  any  fundatneiital  teehnolo^ical  break! hroujrlL 
1 think  w’e  can  (ind  tlie  nmteriak  ^Ve  mav  have  to  searcli  some,  I^nt 
it  looks  like  some(liin*i  w e (*an  do* 

With  regal'd  to  the  mici^onieteorhe  pT-ohlem,  we  haven't  done  too 
much  on  this.  We  ai'e  imikin^^  some  ex[nM'iinents  now\  In  that  con- 
nection I would  like  to  show  von  an<»ther  ^rt)up  of  pictures  liere  of  a 
sornewiiat  different  <‘once]>t  o^  an  orbital  space  station  whiidi  involves 

some  inflatable  elements  and  some  meclnmiiaillv  erectahle  elements, 

* 

As  yon  lofik  at.  this  sequence,  I think  V(m  wdll  see  that  wdiat  this 
really  is  is  a series  of  cams  thaf  are  actual Iv  rimd*  d'hese  unfold 
and  are  cfuinected  l)y  iidlatahle  cf>inpf)nents*  'riiis  system  has  a nnmher 
of  advjintajires*  One  of  these  is  that  large  portions  of  this  eivctahle 
slnictnre  are  in  fad  rigid  and  can  he  jirotected  from  jnicrometeorites* 
It  is  not  an  unusiml  ]>roblenL  So  yon  could  put  aii'-lot^k-type  doors 
at  the  ends  of  these  compuiM  nients  and  idose  them  n]>.  And  then  w'hen 
you  wanted  to  go  aronml  this  toroid  yon  could  oj>en  them  and  go 
through  the  inflated  jujrtions*  'I'his  is  another^  concept  of  tlie  way 
one  might  do  it. 

I have  a coujde  of  samples  of  the  kinds  of  materials  that  we  have 
,sludied,  Tliey  actually  look  |>retly  much  like  pieces  of  rubber*  The,se 
I believe  were  pmvided  by  GrKKlvear.  Tbev  are  tliree-plv  w’ith  nylon 
<’ords,  and  they  have  a hntvl  elastontli'r — tliis  is  t!ie  rul)her-Iike  mate- 
lal  that  sticks  it  together.  It  w’eighs  about  six-tenths  of  a pound  per 
s<piare  foot* 

Talking  alioul  these  materials,  another  urea  vvlnch  we  have  looked 
into  and  are  looking  into  is  that  of  Imw*  l>est  should  you  make  the  in- 
fhual>le  portion  of  tlie  vehicle*  One  w’uy  of  doing  it  is  to  make  pliers 
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of  material  very  mueli  like  this^  three-ply  materiah  Another  way  of 
doinp  it  is  to  nuike  a sort  of  network-hke  ea^e  ami  inflate  the  rubber 
port  ion  witliin  it*.  Hut  there  are  other  ways,  too*  We  at  present  hare 
some  studies  underway  under  a contract  of  a technique  or  a concept 
whicli  is  i^eferred  to  by  tlie  name  of  Isotensoid,  I don't  know  who 
really  cooked  this  mime  up*  It  is  a diJTerent  way  of  puttinp^  the  cortls 
in  and  reputedly  tliis  system  would  allow  vou  to  develop  a sti'en^^th, 
the  required  strenp:lh  for  a much  lower  wei^lit.  Whether  it  will  in  fact 
turn  out  this  way  we  don't  really  know.  We  Iiave  a nuKlel  which  has 
been  built  and  which  we  are  going  to  do  studies  on  to  determine 
whetliei'  there  is  i^ally  anything  in  this  method  of  constniction* 

Another  area  wb  have  looked  at  is  that  fvf  dynamics.  If  one  rotates 
one  of  these  space  stations  to  |)i‘ovide  aililiciul  gravity,  which  niav  or 
may  not  be  inquired,  then  (liere  is  an  interest  ing  dynamics  problem* 
We  have  done  analyticNil  slndies  using  analog  coinpiitei's  and  things 
of  this  nature,  in  which  we  put  in  effect  massifs  representing  men  in 
ditferent  paiTs  of  tlie  vehicle,  and  ah  hough  tliey  have  no  weight  in 
orbit,  they  do  fmve  mass,  Wlien  a man  walks  from  one  part  of  the  vehi- 
cle to  another,  he  changes  the  mass  distribution*  The  analog  computer 
study  shows  that  one  can  then  experience  some  wobbling  motion,  var- 
ious types  of  peiturhations  of  the  vehicle,  We  luiv^e  rlone  some  work 
on  what  is  called  a woljhle  dainj>ei\,a  ]>ossil)le  scheme  for  getting 
around  this  problem*  Perhaps  more  importantly,  we  are  hjoking  to  see 
whether  there  is  really  a prohlem*  We  have  built  a 10-foot  diameter 
elast ically  Si'uled  model  or  this  craft*  For  such  a model  the  mass  dis- 
tribution is  (‘oriTct,  It  1ms  the  correct  stress  chanu'terisl  ics,  and  you 
would  put  the  correct  pi'essiire  in  it.  We  inteml  to  restate  it  on  a free 
mount  witli  diifeent  distributions  of  mass  witliin  the  veliicle  to  deter- 
mine wluif  the  motions  are  and  to  determine  the  coiiiiling  between  (he 
overall  bcnly  motions  of  the  vehicle  and  any  vibration  nuKles  which 
may  develop  iii  the  in  Ha  I able  structure,  itself*  This  model  has  just 
been  completed.  We  sliould  get  underway  with  this  fairly  soon. 

Another  model  which  is  under  design  deals  witli  the  therma!  balance 
of  the  veliicle*  Von  tiave  (he  velii<de  in  orbit  with  the  Sun  on  line 
side*  the  t'efle(*tion  from  the  Karth  on  the  other  side;  you  have  powet* 
])Iants  and  things  of  that  nature  in  it*  "I'here  is  a question  of  what  is 
the  temperature  distribution  \n  this  veliicle  and  how  do  we  Imve  to 
pain*  it.  Do  we  make  it  black  so  it  absorbs  radiation  or  tlo  we  make 
it  silver  to  reflect  and  in  what  proportions  and  this  sor-t  of  tiling,  to 
obtain  an  envit^omnent  within  tlie  vehitde  whiiOi  is  sni table  no!  onlv 
for  t!ie  occiipunls  hut  also  for  tin*  eqiiiimieiii  whirli  wf  arp  requirp*! 
t(M>perutP. 

Tins  is  a tnoilel  whi(‘h  is  under^  ilesign.  It  is  not  a terrliilv  easv 
model  to  ilesifrii  l)ppausp  of  the  waling  laws,  hiu  wp  are  workuifr  on 
this. 

One  flirt  hoi*  type  of  model,  ami  this  is  a fairly  hirfie  one — it  is 
feel  in  diameter — is  heiii<r  (“on.stnicted  for  ns  liy  (loodyear.  This  is  a 
mutual  arraiijremeut.  I lielieve  we  are  fundinfr  about  half  of  it  and 
(lOodyear  alamt  ludfof  it.  This  u|ridu  is  a researrh  model.  What  we 
hojie  to  do  there  is  to  learn  soniethiiiji  about  bow  you  parkaj^e  one  of 
these  tiling,  ^’ou  talk  alioul  .><queeztufr  it  into  a small  bundle,  but  you 
don't  just  pick  up  and  squeeze  it.  It  has  (o  be  done  in  a fairly  e.xarl 
wav. 
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foi'  nil  As  is  (tip  i:i\sv  in  :i  riiinph»x  n*- 

st*ar<‘h  nnd  <li*vi*ln|>minit  [)ro^j’anu  simit*  nf  ttn'si*  tar^tn  Halt's  li;u  t‘  lnuni 
nun  ahpatl  of  srluMhila,  nt Inn's  *m  Sfln*itnlp  ami  somt*  In'liiml  st*lii^Hnli\ 
Set  harks  ifi  tlie  U'sl  <[Ha  Mihail  ion  [n'o^ram  liaVe  In'etilne  npj^sU'elif 

ami  slmiilH  tanm*  as  rin  slirprist^  sinre  ilirs  is  fln^  imisl  i'i'ifii*al  piHtif 
in  any  Hevalopimnit  [jm^prann  All  tif  The  major  missilp  ami  aii'mifi 
iro;rrains  tmvp  PX)ipriPtireH  ilirm.  'Tliis  is  a nanmil  rrsuli  of  tiu* 
triii^nn^  to^^nlim'  into  an  inir^niteH  system  all  of  il»e  many  new 
Hpvelo|nmmls  whiiHi  ;ro  into  llie  makeup  t*f  ihr  projert,  Tlje  t>mi»f  of 
the  design  is  in  I lie  tli^flit  lest  |n’otrrinm  and  larfjet  dati's  are  *n»f  pr'edl- 
(aOetl  iijtou  failure,  lull  upon  siu^ress* 

l^nliaps  tlie  most  ini[H)ftani  lurirel  date  in  the  ovi'rrill  Mt‘mit‘y 
seliedide  is  Thai  I'oi*  aidueeerneiit  of  manned  oi^iitiil  Hi^dit,  1 >r*  I>it- 
tlen.  Deputy  Adminisf ruM)r  of  NASA,  in  eonL^ressioiml  lestimony  in 
1 implied  that  this  inissum  etnild  he  aei'ompl Islied  sometime  !n 
infil,  if  misi'llaii'ks  are  emamnfervd  tlni'in^  tin'  fltjrlit  i|mililieai inn 
projU'i’JMK  h is  pt>ssihle  tluit  this  tariret  dale  iii;iy  lie  met*  I[fnvevei\ 
as  stated  eat'Mer  in  this  repma,  llie  eritiral  pernal  in  tlie  lli;rlit  lest 
[>rii^r'iini  is  jnst  now  upon  us,  and  \h\  Ih'vden's  statement  must 
r'onsiilereti  as  a projeef  tar^mt  ^fial  to  he  strived  for  ami  iioi  a haril 
staliniient  of  faer, 

f^e/ftrrfifnnf  t*f  !h  ft  ^ftppoH  at  J/f 

'Hie  I )et)!ita  mtml  of  iKdViise  provides  a v'ery  hroad  r'anp»  of  snpjmrr 
H»  Drojet'i  Mertairy*  d'lji'  Aii*  Kotna*  BalHstie  Missile^  Division  >\\\* 
plies  and  laiinelu's  Atlas  vt'hieles,  Fhe  Air  iMn'ee  also  [irovides  air 
resettle  serviei'  idct^rall  for  eapsnie  st*areh  and  reeovery  operations* 
matmiakin^  serviees  of  tin*  Aeronamieal  fdiart  I nfurmal  ion  ('cmier* 
tlie  loan  of  niri'ra  ft  fia^  net  work  si  at  ion  eheekout , am  I ast  n nnnit  imniia  1 
tlljilif  and  ywrn-;r  frainiriijr,  Atlantic'  Mi^-^ile  Ifanm'  hmneh  faei  1 it  i<*s, 
einnrol  (’enl<*r  fai'ilities,  medieal  sn|>porf  al  (*a[a'  ('anaveral  and 
remote  staiions,  and  the  use  of  exisiin;*'  tietwot'k  faeililies  and  man- 
power at  several  Mereury  network  stations,  d he  Aeitispare  Medir;il 
( 'enter  of  i in*  Aii-  For(*e  inis  also  ^iven  assistama'  in  asironanl  Irainin^r 
and  1ms  snp|dled  animal  lest  jmeka*jes  for  use  diirtiiLT  the  Mereury 
flitrht  test  pro^t'aiiL 

'Hie  Army  lia>  loaned  ti‘a(‘kin;r  eituipmeiil  to  NASA,  lias  madi* 
\\*hite  Sands  Missile  Han^e  ground  faeililies  availahle  Foi*  network 
use.  ami  wdll  [irovitlt*  a snl>staniial  share  of  IK)D  medieal  support  to 
Mei^-nry:  !ms  sn]>fdi*'d  eoinmnnic*at ions  iHjiiipmenl  ami  ann 
|diihinns  veliieles  for  use  in  jiossihle  laiiiudi  site  retaivet'v  opi*ral  iv>ns. 
Hie  Army  IietlsKine  launeh  velii<de  will  used  for  imrimnnt*tt  and 
manned  halMstu^  Hi;xhis, 

d'lie  Navy  1ms  lH*en  jfiven  and  aeeepted  llie  I'espcmsilMlity  for  the 
Mereury  sjan^eerafi  n'eoverv  c^penulcms,  The  Navy  rei'o\ery  erme 
mamier  will  have  eliunents  of  t lie  At  hintii*  Fleet  and  Air  iJeseiie  Serv- 
ice at  his  eeanmaiid  for  etfeetin^  ra]>id  re<*<#very  of  the  rajisnle,  I Je- 
st iHiyers,  landing:  sliif^s,  tUn^k*  nuseelhinec>ns  servit*e  vessids.  Marine 
helieoptiuM,  ]>ati*ol  airenift,  and  early  waiidn^r  aircraft  will  all  lie 
ntiliy.ed  for  search  and  reeovei'v  operations. 

'riie  Navy  is  also  providing:  assistance  in  the  i'onst t‘iict ion  of  the 
( 'antfm  Islaml  network  slaijon,  has  loaned  eomimindei'  transmitter 
e()ui[mieiii  lo  NASA,  and  has  ^iven  a nunil^ei*  cjf  Iraekintl  radaT*^ 
to  NASA. 
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To  pive  you  jui  id^ii  of  wliiit  I iini  talking  about,  I jifjfiiin  lm\T  Koino 
phntofXra]>lls. 

'rids  is  a small  mode!  l!ial  we  made,  wliieh  shows  it  fullv  inflated, 

^ m 

an<l  then  the  varaoiis  secjueiiees  i hat  you  miisl  put  tbe  thin^  tlit'ouffh  in 
rmally  foldiujr  d u]y  into  a small  t>aekafre. 

AVben  we  {ret  this  rat  her  larfie  mofleU  this  is  the  kind  of  svork  which 
we  will  be  doiu{r  witli  it, 

Tbet^e  are  also  some  otlier  (juestions  of  internal  nrran^remeTit,  and 

so  {JlL 

'Fo  summarize  f>tir  feeltufr  f)ii  this,  I think  we  can  ssiy  s<nuet hitler  like 


So  fai^  as  we  know,  so  far  as  we  have  gone  at  I lie  pi'esent  time,  we 
don't  s+*e  that  there  is  remiired  any  ftmda mental  scientilic  break- 
tlirouphs  that  are  iTr|nire(l  in  order  to  design  one  of  these  things, 
However,  we  have  not  tindertaken  at  tlie  Langley  Keseurch  ('"enter 
a detailed  engineering  resear(*h  design  study.  If  such  a study  were 
mideilaken,  you  rniglit  rim  into  some  problems  that  we  baveivt  been 
small  eiioiigli  to  tliiidc  about  that  ai'e  fumhunentah  I doirt  know  if 
you  would,  but  you  could. 

In  such  a careful  engineering  design,  ibis  is  a long-term  proposi* 
t inn.  We  ai'e  not  really  suix^  w!ien  you  got  all  done  wlielber  you  would 
have  somelhing  you  really  want  or  m^t.  This  is  something  that  can 
oidy  be  found  l>y  a careful  developmental  desigiu 

I think  this  is  al>oiit  ibe  status  of  oiii*  feeling  on  it  at  this  time, 
"riiis  (xmchides  what  I have  to  say  alnint  space  stations, 

Mr,  ()‘SidlEvnn  can  talk  to  you  some  ai>out  the  actual  expeinem^e 
we  have  had  in  <levelo|hng  actual  inflatable  satellites,  two  of  whiclt 
are  now  in  orbit, 

Tlie  {'m AIRMAN,  To  save  time,  we  will  Iiear  from  yon  at  this  time, 
Mr,  ( )'Sullivan, 

Aftertliat  we  wotdtl  like  to  ask  both  of  yon  questions, 

STATEMENT  OF  WILLIAM  L 0"SULLIVAN,  SPACE  VEHICLE  GROUP, 
LANGLEY  RESEARCH  CENTER,  NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 

Mr,  (FSru  jVAN,  I,  too,  must  apologize  for  not  having  lime  to  what 
I consider  adequately  prepare  for  this  Siearing,  btHanise  yesterday  I 
was  at  M'eeksville,  X,(\,  participating  in  a strucinral  lest  iqKvn  wlint 
we  ho[>e  will  in  lime  l>ecome  the  Echo  II  satellite,  which  would  lie  a 
prototype  of  an  fiperationa!  vt^i’sion,  rigidized  operational  version 
of  a long-i'angeeoinmuid(ait ions  satellite  of  the  passive  type, 

1 (’aine  by  the  laboratory  and  I picked  nji  some  samples  yesterday 
of  f lie  materials  that  we  are  employing  in  connecfion  with  this  rigid- 
ized  version  of  the  eomnuinications  satellite,  because  tbev  Illustrate 
some  of  tlie  problems  tSiat  we  are  faced  witli  in  trying  to  build  erect- 
sdile  strncturi*s  that  can  survive  the  environment  of  space,  'riiese 
samples  1 Ixdieve  will  illustrate  ways  in  wlii<’li  we  have  found  sfdn- 
tions  U*  t hese  problems, 

I liave  here  some  ]>botf)graplis,  which  unfortunately  are  luit  large 
hei^ause  tliey  were  taken  yesteixluy  with  a Pohiroi<l  camera,  and  I 
bronglit  tfiem  with  me  in  my  ])0<*ket,  showing  the  test  of  the  Kcho  II 
satellite, 

I will  pass f IieseaiTniiul. 


10 


INFLATABLE  STKUCTURES  IN  SPACE 


Tliis  s;UelIite  is  lijr?  feet  in  (liameter.  1'lie  test  thjit  we  were  per- 
forming* was  for  Hie  purpose  of  proving  tlmt  striielurully  it  is  flrong 
enougli  to  witlistaiul  Inniig  pncninatically  erected  after  i)eing  trails- 
porte<{  iiito  space,  and  we  were  cpiite  fortunate  in  proving  tliat. 

We  h ave  designed  it  such  that  i(  will  encounter,  due  In  the  int(u*nal 
j)rt\ssure  used  to  inflate  if,  a stress  witliin  its  skin  of  a[)proxiinateIy 
+,000  pounds  per  square  inelu  We  inflated  I he  satellite  lo  a pressure 
such  as  to  produce  this  sti'ess  within  tlie  skin,  ami  we  held  it  tluuT 
yesterday  for+i^  horn’s  witliouf  even  the  faintest  sign  of  failuie. 

To  detenu iiie  tlie  fa(*tor  of  safety  tliat  we  have  in  (he  design,  ’'^'e 
then  inct‘eased  the  pressui'e  inside  of  the  satellite  until  vve  readied 
the  point  of  rupture  of  the  satellite.  We  found  that  it  laiptured  yes- 
tei’day  at  a skin  stress  of  1H,000  pounds  per  square  inrlK  This  means 
tlia.t  w’B  have  a factor  of  safety  of  four  ami  one-half.  The  satellite  is 
capable  of  withstanding  a pressure  foui’  and  one-half  times  that  which 
will  be  the  maximum  required  for  inflating  it  in  orl)it. 

I have  here  some  mateiaul  of  which  this  satellite  is  constructed. 
It  has  been  made  of  a laminate  that  consists  of  a j)his(ic  Him  whose 
thickness  is  ,35  mil,  that  is,  .35  tliousamlths  of  an  inch  thick* 

Into  eiich  side  of  this  has  f>eeii  bonded  an  aluminum  foil  of  (wo- 
tenths  of  a mil  tliick.  This  gives  a three-ply  liuninate. 

This  concei>t  of  a material  which  could  l>e  compactly  folded  for 
transport  into  orbit  and  there  pneiiimitically  eircted  to  shape  is  one  of 
our  ideas  that  we  develoj)ed  in  the  NASA  of  how  we  can  build  this 
erect  able  structure* 

1 would  like  to  pass  some  sainjdes  of  tliis  material  around. 

This  ilhistndes  one  of  tlie  ways  of  solving  the  space  environment 
problems. 

I^t's  consider  first  the  problem  of  compactly  folding  and  transpni+- 
ing  into  orbit. 

We  can  fold  tliis  satellite,  wliich  is  135  feet  in  <liamerer*  mto  an  at)- 
proxiirmtety  s[)hericid  container  vvhitdi  is  only  about  40  inches  in  tii- 
ameter,  traiispon  it  up  tlirough  the  Karth's  atmosphere  ami  there 
ei’ect  it  after  it  has  gotten  into  sjiace.  This  avoi<ls  tlie  first  problem 
that  Mr.  Ijoftin  mentioned,  namely,  the  problem  of  tlie  stability  of  our 
launching  vehicles.  If  we  have  a givat  big  object,  we  cun  not  place  it 
on  the  TTont  end  of  the  launching  vehicle  lieciiuse  it  causes  aero- 
dynamic  instability.  The  concept  of  having  an  erect  able  structure 
overcomes  this  difficult  v, 

Tlie  next  problem  tlnit  we  have  to  face  in  space,  after  it  has  been 
pneumatically  erected,  is  the  |)i  obleiii  of  rigidization,  in  the  case  of  the 
communications  satellite. 

Here  in  the  case  of  a space  station  we  aiv  faced  with  mme  such 
problem  as  that,  too*  The  problem  comes  about  bec'aiise  of  the  cosmic 
dust  which  will  undoubte<l]y  cause  |)tmcturing  of  oui^  space  station  or 
our  satellite. 

In  the  case  of  this  Eclio  II  siitellite,  the  skin  has  been  made  suffi- 
ciently stiff  and  rigid  so  that  once  it  has  been  drawn  out  and  set  into 
spherical  shape,  we  no  longer  inquire  the  internal  pressing  to  hold  it 
spherical.  It  can  be  punctured  by  micrometeorites  and  it  will  nor 
change  its  shape;  it  wall  not  collapse.  We  know  this  is  so  from  our 


In  the  case  of  the  Echo  I satellite,  which  is  now  in  orbit  ai’ouiid  the 
Earth,  we  designed  it  not  as  a rigid  structui’e  but  inerelv  as  one  which 
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\V!LS  to  last  a short  time,  itMuiniiijr  its  spliet^ienl  sliufje  b\  means  of  an 
internal  p!vssure*  \\\^  In^lieve  tlnit  it  lost  its  interinil  ]>ressnre  ap- 
nroximutely  two  (o  tliree  weeks  afltn'  it  was  plaeetl  in  orthl*  Vet  it 
Inis  not  ^ivatly  t*haiijired  its  slnt[)i\  It  is  still  essentiiilly  s])liei'icah 
Tliis  is  because  the  forees  tlnit  tenil  in  tleftnan  it  are  quite  small  ami 
Ixicanse  even  I lie  skin  of  the  Keho  1 satellite  is  almost  sutlitnent  ly  stitf 
to  retain  its  spheri(‘al  shape* 

AVith  the  skin  that  we  ai'e  employing  on  tliis  larger  Eelio  II  satellite 
we  are  (|uite  eontidenl  it  will  letain  tlie  desiretl  shajn*  so  it  is  a ^ooii 
hi^li  qua  lit  3^  eonmnini<*ations  satellite. 

We  think  the  same  concept  of  a material  that  can  he  folded  foi' trans- 
port inff  into  orlat  and  then  stretched  out  ]>neuinati(‘all\\  set  imosluipe, 
cun  he  employed  with  regard  (osjjace  stations*  'rhi‘  prolilein  of  [jro- 
tecliu^  tlie  materia!  apnnsl  a Imi'sh  environment  of  space  is  also  ac- 
cfnnplishable  in  1 ids  manner  wit  li  such  material  as  this* 

We  know,  as  Mr*  1x)ftin  lias  mentioned,  many  iiiiiterials  in  the  very 
hard  vacumn  of  spare  will  evaporate.  In  the  rase  f>f  the  samples 
tlnit  we  have  passed  ont  we  have  ahimimim  foil  on  eacli  side,  of  the 
plastic  film,  Tliis  foi^ms  an  excellent  vajmr  Imiaaer  so  that  the  plastic 
can  not  evaporate* 


We  can  also  l\v  choic^e  of  the  jilust ir  material  select  those  which  Imve 
larpe  molertiles  ami  bv  the  treatment  of  t>olyinerization,  make  the 
hir^*  sections  of  the  vel\it‘le  into  wdiat  the  polymer-  rlieniists  wouhl  call 
one  vei;v  lar^e  molecule*  'Fhe  iinpoi^tunce  of  that  is  this: 

Tile  material  eva])orates  in  space  onl\^  by  virtue  of  its  vapor  i>res- 
snre,  that  is,  the  pt^i^ssnre  of  the  ^a*s  that  it  jjeneruies  as  it  evaporates* 
The  larger  the  molecule  we  employ,  the  lower  the  vapor  pressure  at 
any  driven  temperature*  liy  this  prficess  of  polymerization  we  rati 
produce  molecules  not  of  the  oi-dinurv  size  that  we  encoutiter  in 


frper. 


Their  vapor  pr-essure  becomes  so  fantastirly  low  tlnit  we  do  not  Inive 
instruments capsible of  measuriiifr  it* 

This  prevents  also  evaporation  in  spare* 

To  protect  afrainst  ultj-aviolet  radiation  we  have  lam  tests  which 
tell  us  that-  by  employiny'  a very  thin  metal  (^overiim  over  our  mate- 
rials, we  can  sliut  out  the  ultraviolet  radiation.  We  have  subjectetl 
|K)]ymers  to  a radiation  under  ultraviolet  lani]>s  for  lon^r  peri<ids  of 
time.  We  find  that  without  such  protection  as  this  tliey  do  deprener- 
ute  in  time  and  Ix'conie  somewhat  einhi-ittled.  Rv  the  simple  ])roress 
of  iisin^a  thin  metal  foil  we  ran  prevent  this* 

Witli  regard  to  the  ])rob1em  of  tliermal  balance,  we  have  in  our 
researcli  discovereil  that  we  can  put  layers,  coatings,  on  this  material 
which  are  so  thin  that  thev  have  the  tliickness  of  only  a few  molecules* 


Vet  we  ran  liy  this  imiress  adjust  the  ratio  of  the  absorhtivity  of  the 
surface  sudi  that  we  can  briiiirthe  temjierature  ladanre  of  our  satellites 
or  srmee  stations  to  that  wddch  will  not  be  too  hot  nor  tofi  rohh  and 


the  materials  will  survive  in  spare*  virtuall}^  indefinitely* 

There  are  a minilier  of  otlier  problems  t1iat  we  have  found  so! uf  inns 
to  in  this  manner*  I would  like  to  point  ont  tlie  facilities  of  the  NASA 
are  as  yet  too  few  ami  mea£rer  in  mimljer  to  l>e  able  to  carry  out  all 
the  basic  ideas  of  how  to  imild  spare  stations  or  satellites  that  we  have 
been  able  to  discover*  We  have  been  compelled  to  call  on  imlustiw 
to  follow  out  the  exploration  of  these  ideas*  and  recently  we  phired  a 
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('Ontract  with  the  Huplies  Aircraft  C^o.  to  iiivestiffute  approximately  a 
dozen  concepts  of  produciiifr  rifridized  materials  in  sjiace  that  could  lie 
compadly  folded,  transported  into  orbit  and  there  caused,  after  erec- 
tion, to  shape,  to  become  rifrid. 

This  exploratory  work  has  resulted  in  some  very  promising,  al- 
thougli  not  yet  ready  for  use  materials,  and  this  gives  us  great  hope  in 
this  field. 

In  this  field  further  work  is  required. 

I think  that  Mr,  Loftin  is  quite  correct  in  stating  that  we  have  not 
as  yet  encountered  any  fundamental  barrier  to  the  ability  to  produce 
long  lifetime  satellites  or  .space  .stations;  that,  however,  there  is  a 
considenihlo  amount  of  engineering  work  required  in  order  to  trans- 
late this  ©xploratoiy  research  that  has  lieen  done  in  the  lalxiratories 
into  actual  usaltle  luirdwaro  or  materials,  fabrication  of  materials 
that  would  l)e  suitable  for  employment  in  space  stat  ions. 

I thank  you  gentlemen. 

If  I could  answei'  any  questions  tliat  may  have  come  to  your  mind^ 
1 would  be  delightexl  to  do  so. 

The  CitATRMAN.  Tliaiik  you  very  much. 

I think  we  all  have  ii  good  many  questions.  I would  like  to  ask 
you  this,  for  instance : 

A mail  in  one  of  those  stations  goes  up  in  tiie  capsule,  doesn't  he? 
How  do  you  get  him  from  the  capsule  to  lliat  circular  station? 

Mr.  Jjoms.  Tliere  has  to  I>e  a ]>assageway,  a i^^ally  inflatable  pas- 
sageway that  would  lead  from  the  capsule  into  tlie  toroidal  portion 
of  the  space  station. 

I didn't  make  this  clear.  The  toroidal  space  station  does  not  re- 
enter the  atmosphere.  When  the  crew  gets  ready  to  come  liome,  they 
go  back  through  the  piissageway  into  tlie  capsule,  close  up  to  the  cap- 
sule, disengage  from  the  toroid  and  leave  that  in  orbit  and  I’eenter 
the  capsule.  The  ti)roid  itself  is  not  suitable  for  a reentry-type 
vehicle. 

The  CiTAiuMAx.  You  are  just  going  to  allow  that  to  float  aixjund 
in  y>ace? 

Mr.  T^ftin.  This  is  one  possibility. 

Another  thing  you  might  <lo,  depending  on  wliat  size  of  operation 
you  are  talking  about,  is  to  develop  the  capability  of  rendezvousing 
what  you  might  call  a space  ferry,  a reentry-tyjie  vehicle,  with  the 
space  vehicles,  so  that  as  one  capsule  lef*  to  take  one  crew  home,  an- 
other one  could  come  up,  perform  a rendevous  maneuver  and  trans- 
fer a new  crew  iiu  This  is  a much  nioi'e  sophisticated-type  operation. 
Ultimately  something  like  this  could  perhaps  1m?  worked  out* 

The  (hiAiRMAN.  You  state  tlie  body  up  there  in  space  will  not  have 
weight;  that  they  will  have  mass,  AVhat  effect  will  the  massliave  on 
tlie  materials  which  you  use  for  tlie  station  ? 

Mr.  IjOPFIN.  I think  the  tiling  we  have  to  worry  about  with  regard 
to  mass,  as  I pointed  out,  is  tlie  dynamics  of  the  situation,  that  is, 
when  this  thing*  rotates  and  you  move  mass  from  this  pait  to  this  l)art, 
you  ai*e  changing  the  center  of  gravity— this  is  a ha<T  won!  to  use  l^e- 
cause  we  don't  talk  idiout  gravity  up  there — you  are  changing  tlie 
center  of  mass  of  the  station  so  it  will  tend  perhaps  to  rotate  around 
a new  center  or  oscillate  in  some  way*  I think  this  is  tlie  context  in 
which  we  need  to  talk  about  mass. 
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ll  doesn’t  really  afiect  the  matei’ials  exre[>t  pet'liiijjs  in  tliis  way  ^ 
If  the  man  in  some  way  propels  himself  from  one  side  of  tlie  station 
to  the  other,  propels  hnnself  Iinrd  enon^Ii,  we  want  tins  material  to 
l>e  strong  eiioufrli  so  lie  doe.sn't  break  through  and  go  out  on  the  other 
side- 

The  Chairman,  He  still  has  momentum  ; 

Mr,  Lopiix,  Yes,  sir. 

The  (hi AIRMAN.  To  otfset  the  nioinentum,  you  have  to  have  a ma- 
terial sturdy  enough  to  resist  it  ? 

Mi\  Ijoftin*  Tliat  is  eorrer*. 

The  (Jha  lU^iAN,  You  will  substitute  for  the  gravity  tlie  use  of 
rentrif iigal  forc'e  ^ 

Mr.  IjOin’iN*  Tins  is  a possibility*  We  don't  really  know  whether 
this  is  netmsury.  If  in  lutnre  manned  spare  operations  it  is  found 
desirable  to  Iinve  some  simulation  of  gravity,  althougli  perhaps  not 
the  full  one  g,  perhaps  a (juarter  of  a g,  it  would  possil^le  to  rotate 
this  thing  surh  tliat  the  eentrifugal  force  would  simulate,  as  far 
as  the  man  knows,  the  etfec^t  of  gravity*  You  would  have  to  Im*  a 
little  careful  about  this.  There  are  some  effeiTs—as  I understand  it, 
and  I am  not  tfx)  familiar  \vith  this  subjection  the  inner  ear  that 
come  into  play  if  the  radius  of  the  >s[)aee  station  is  too  small  and  il 
rotates  at  too  liigh  an  r[jjii,  there  are  some  secondary  ed'ects  that  are 
supposed  to  occur  which  can  result  in  nausea  or  sometliing  of  this 
nature. 

Tlie  CiiAiK,MAN.  Like  seasickness  ? 

Mr,  IjOftiv,  Yes. 

1 am  certainly  not  a medical  expert,  so  I don‘t  think  I can  speak 
witli  much  iiuthorltv  on  this* 

Tlie  (hi AIRMAN,  Any  cpiestlons? 

Mr.  Karth,  What  would  tlie  pi'ima ry  f miction  of  this  so-calied 
space  station  l)e? 

Mr,  Lopj’In,  It  could  have  many  functions.  We  are  not  really 
proposing^  a space  station.  What  we  are  doing  here  is  saying  if  you 
want  one,  we  would  like  to  look  into  tlie  problems  of  Ijovv  you 
miglit  make  it.  If  you  ask  the  fiuestiom  though,  what  could  you  do 
with  it,  t here  aiT  a few  ideas  i hat  come  to  mind. 

For  example,  if  ultimately  we  want  to  semi  a man  on  a Ifmg  spatT 
journey  that  takes  weeks  at  a time,  such  as  journeys  of  such  a nature 
tliat  once  he  is  <*oinmrtted  to  tliis,  ontT  (he  rni'ktU  is  finally  Imrned 
out,  he  is  going  to  make  tliat  journey  jind  he  (‘aiTt  come  back  until 
he  lias  gone  around  to  wheix*  he  is  going  to  go  and  then  he  is  going 
to  come  hack,  liefoiT  we  do  tliis,  one  might  say  it  would  he  desirable 
to  have  a sjiace  station  in  or'bit  where  we  could  put  men,  materials* 
ditferenl  kinds  of  nuH!hanisins,  we  could  put  them  up  there  for  weeks 
at  a time  and  see  if  tiiere  are  any  undesi liable  etfex^ts  that  we  liave 
not  foresi^en.  If  these  effects  <Top  u]>,  then  you  lirinir  Hie  man  hack. 
You  cmihl  get  him  Viack  from  there.  This  is  one  [lossibiltty,  one  way 
in  whicii  voii  could  use  this, 

Mr,  Kautii,  You  are  talking  ulKnu  longdistance  sjjuce  flights  then, 
much  longer  Hum  from  liere  to  the  M<x>n  ? 

Mr,  LtirriN,  You  miglit  even  call  it  a s|)ace  lahot'utory. 

Suppose  you  wanted  to  know  the  eifect  of  long-term  sj>ace  ex|K>sui*e 
on  certain  kinds  of  materials.  We  can  simulate  it  onlv  to  a ceitain 
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extent  on  Earth.  It  would  be  nice  to  go  up  in  tlic  envii-oninent  you 
are  ffoing  to  have  to  be  in  to  do  your  experiments. 

Mr.  Kartii.  Are  we  pixx'eedin^i  with  the  nctuu]  construction  of  a 
vehicle  of  this  type? 

Mr.  IxjriTN.  Xo,  sir. 

Mr.  Karth.  Do  you  have  any  plans? 

Mr.  IjOITTN.  "VVe  at  Ijiinfrley  have  Iwen  study iufr  (Ids  particular  con- 
cept as  a research  problem  to  try  (o  see  what  the  |)roblems  are.  If  a 
.space  station  is  a thing  that  is  desiml,  then  I think  this  concept  as 
well  as  other  concepts  should  be  subjectetl  (o  tlie  most  f‘areful  engi- 
neering evaluation  to  deteniiine  which  way  in  fact  do  you  really  want 
to  do  this  job.  This  is  one  way  of  doing  it. 

Mr.  Kartii.  Could  it  have  any  coniimiiiications  capability  ? 

Mr,  Ijoftin.  YeSj  I ,su]ipo,se  scientihc  observalions  of  some  sort. 
Perhaps  a telescope  or  something  of  this  nature.  There  are  various 
missions  that  one  can  think  of  (hat  would  make  <lesirahle  a station  in 
orbit  around  the  Earth.  The  question  of  how  you  build  this  station, 
whether  you  use  an  inflatable  or  erectahle  technique  or  use  some  other 
technique,  deixmds  on  what  you  want  tlie  station  to  tio,  how  l»ig  it  is 
going  to  he,  and  a detailed  engineering  study  <if  the  thing.  You 
can’t  just,  on  the  basis  of  some  research  e.xplorations  of  [larticnlar 
problems,  say  this  is  realty  the  thing  you  want.  It  has  to  he  subjected 
to  a verv  detailed  engineering  evaluation  of  varioii.s  concepts. 

Mr.  Kartii,  We  are  talking  alioiit  soniething  that  is  in  its  very 
infancy  of  I’esearch  i 

^fr*  I(  lisiB  only  Ih'cii  in  the  pusf  l vvo  yeai^s  tlml  we  have 

worked  on  this  concept*  I f>elieve  the  kind  of  thiiifr  tiiut  Mr.  O'Snlli- 
vaii  talks  about^  the  rominuniciitions  satellite,  and  so  on,  1 l>eHeve  that 
poes  back  maybe  five  years,  something  like  this,  is  Unit  nglit  i 

Mr.  ()\SuLiJVAX*  Yes. 

Mr,  Kartii,  IjCt'S  talk  al>out  this  big  inflatable  balh>on  that  you 
passed  the  [>ictiire  amuiKl  on. 

Tills  would  be  a passive  cominiinications  satellite,  is  that  correcr  ? 

Mr.  O'SunLiVAX.  That  is  corret't.  It  would  be  a ])rototype  of  an 
operational  vei-sion,  in  that  it  is  de-signe^l  {o  be  capable  of  withstand- 
ing the  space  environment  for  a j>eri(Hl  of  5 to  10  years. 

T might  suggest,  since  yon  asked  tlie  question,  could  a manned  space 
station  l>e  of  value  with  respect  to,  say,  con iiminicat ions,  I think  it 
definitely  could* 

One  or  the  studies  that  we  have  made  at  our  research  center  has  been 
a comparison  between  passive  and  active  communications  satellites* 
It  is  quite  readily  shown  if  you  cun  postulate  that  (he  tubi^  and  all 
the  com]>oneiits  of  a receiver  Ufid  of  a re-transmitter  could  continue 
to  operate  for  a period  nf  6 or  10  years  without  attendance,  then  it 
wonul  he  very  desirable  to  have  an  active  type  of  coniimmications 
satellite. 


I would  like  to  recall  that  I heliev^e  15  to  20  years  of  research  was 
required  liefore  it  was  |>ossil)le  to  liave  amplifiers  of  sufficient  reliabil- 
ity that  it  was  practical  to  put  them  in  trans-Atlantic  cables  wliere 
they  couhbrt  be  readily  liauled  up  and  serviced.  This  is  somewhat 
(IIP  situation  that  we  are  in  at  the  present  moment  with  respect  to 
oomnmnications  satellites.  I think  lliat  you  can  show  that  definitely 
there  would  be  great  advantages  to  an  active  type  of  .satellite,  flint  is. 
the  kind  tliat  re<“eives  the  signal  and  I'e-traiismits  it. 
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Mr,  Kartil  How  imirh  work  Ims^- 


Mr.  O'SrLLiVAN,  Tlip  i)rol>h*iti  is  tlmt  we  do  ihr  jet  know  liow  to 
build  stdliciently  reliable  eon i pone uts,  imd  we  eaunot  be  eerluin  that 
I he  enviromnent  to  wliicli  we  snbjtM't  them  here  on  the  {rrourul  is  (be 
same  fliat  tliev  will  enrounter  iti 

A spare  station  f>e  emploved  in  part  as  a I'eseareli  tool  for 

t lie  develojnueni  of  act  ive  comnnuiieat  irms  satelliU's, 

Mr.  Karth.  Fi'oin  what  you  sav,  I assume  NASA  luis  made,  shall 
WT  say,  baby  steps  in  the  dirertitm  of  aetive  conumi(^utions  satellites 
systems  ^ 

Mr*  O'SriJJVAN,  Yes.  M^^e  are  pui-stiin^  that. 

Mr.  IvAirriL  You  are  very  tiiiudi  in  the  state  of  infancy?  I'he  rea- 
son I ask  is  because  some  of  flie  f^roups  of  the  coinun illations  industry 
who  have  U^en  before  the  committee  have  indicat tliat  they  have 
the  capability  to  go  ahea<l  and  construct  an  active  i*onimnni(‘iitions 
satellite  an<[  have  it  in  orbit  on  an  experiment  a 1 basis  within  a year. 

Would  yon  care  to  comment  on  tlial.  ? 

Mr,  ()\SunrjvAN,  I think  we  can  pul  up  an  active  ctmiinunicatinns 
satellite  in  a period  of  a ynir  nr  two  that  would  he  (piile  serviceable 
wdtli  respect  to  research  on  how  to  I)uild  one  that  would  have  the  capa- 
bility of  lasting  for  a i>eriod  of  h to  10  veal's*  1 think  if  we  go  into 
the  economics  of  the  matter,  it  is  ncM-essaiy  to  have  satellites  that  do  not 
have  to  be  serviced  over  a p(*riotl  of,  say,  o years. 

Mr.  Kauth.  Wiien  you  sav  ‘Sve"  could  do  this  in  a year  or  two,  do 
yoti  mean  NASA  or  indust  rv  or  a combination  ? 

Mi%  ( )’Si'LiavAN.  A gmid  comlnnutioii  of  NASA  and  tiie  industry, 

1 think  we  have  many  good  ideas  that  <‘oii!d  be  contributed  to  the 
matter  that  would  be  of  great  assistance,  and  I lliink  industry  (loes, 
loo. 

.\fr.  K AHTii.  If  NASA  worked  on  an  active  coinmunicnl ions  saleb 
lite  system  wdtli  the  idea  timl  they  weiv  going  to  fliemselve^s  do  llie 
job,  how  long  would  it  take  NASA  to,  shall  w'e  say,  develop  an  ac- 
t ivB  comiuunicat  ions  satellite  system  ? 

Mr*  O'St’LUVAN.  1 think  that  is  a very  ditficult  rpiestion  to  answer, 
becaust^  we  do  not  know  what  are  the  [irobleULs  that  we  are  going  to 
face  in  (lyir^g  to  make  one  that  i.s  siifticienfly  relial>le  that  it  is  worth 
being  place<l  in  orbit  on  a conunercia!  basis. 

That  is  the  reason  why  we  linve  pui^sued  first  the  passive  satellite, 
l»ecaiise  we  could  see  onr  way  clear  to  making  sonietlnng  that  had  the 
capability  of  lasting -5  to  10  year's  in  <irbit  without  service* 

You  know,  it  is  a bit  diflicidf  to  get  up  there  and  [>ut  in  a new'  tube 
w'hen  mie  burns  out.  Hut  in  lime  tliis  will  he  nccoinplislicd. 

One  of  tlie  reasons  that  it  is  quite  impfulani  In  do  so  is  liecause,  for 
example,  if  we  w'isli  to  have  television  comniunications,  then  we  must 
have  a quite  %vi<le  Imml  width,  as  wc^  call  it  techuicully,  in  order  to  lie 
able  to  transmit  our  pictures.  This  means- 

Mr.  K AHTir  I'liis  ciui  not  In*  dono  liv  :i  passivp  satpllitc  system,  oati 
if  ^ 

Mr.  O Sri  ,LiVAX.  It  eriuUI  1h*  done  with  a passive  snietiite  system 
where  it  is  farfre  t*nou<rli  in  diameter  uni!  Avliere  t!ie  tnnismitter  on  the 
;rrouiid  is  suflieiently  powerful  ami  the  receiver  at  tlie  otlier  end  of  tlie 
link  is  snflicietitlv  sensitive. 

•Nfr.  IvAirrir.  Is  tins  a capahilily  that  yon  see  in  Kclio  II,  for 
e.xample? 
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Mr.  O'Sullivan.  I (hink  in  Mclio  II,  on  the  Imsis  of  our  tests  of 
Echo  I,  we  will  he  iihle  to  perform  whut  I would  class  as  initial  steps 
in  television  eomtminieutions  hy  menus  of  llie  Eclio  11  satellite  be- 
cause  of  its  larger  size  and  the  lower  iillitnde  at  which  we  will  tire  it. 

-Mr.  Kahtii.  What  would  that  altitude  be  t 

Mr.  O'Suu  AVAN.  AVe  have  tentatively  in  mind  an  altitude  of  tip- 
proxiiiiately  700  miles. 

Mr.  KAimi.  have  eai)nble  hoostei's,  we  have  lioosters  capable  of 
achieving  this  right  now  I 

Mr.  O'SuuavAx.  Ves, 

Mr.  IvAimi.  M'hat  booster  wt)uld  be  used  ^ 

Mr.  O'Sn.LivAN.  We  tenlntively  have  scheduled  for  the  orbital 
lanncbiug  the  Thor-Agena  11  vehicle. 

Mr.  Kauth.  'rimnk  yon. 

The  Chairman.  Further  finest  ions  f 

Mr.  V AN  Pki.t*  With  rGiVriHKT  to  Echo  I and  \v)mt  voii  have  said 


alK>nt  tlie  <Ud)riB  that  is  hi  onlGr  spnci*  that  niifrht  punrtura  a vehielt^ 
how  lon^r  will  Echo  I Avitlistaml  that  ^ Is  there  n possibility  of  ronj- 
plete  disintegration  i 

Mi\  O'SuiJiivAX,  No,  Erlin  I aviII  not  disintejjrale  in  orbit.  It 
was  desijirned  for  researcli  on  eomnumI<'nt  ions  io  <‘oiifirni  or  disjnove 
that  we  could  do  what  we  (lioii^lit  was  I heoref  ically  possible,  nainj^ly, 
send  a sifinal  from  tlie  snrfac-e  of  the  Earth  np  throujxJi  the»Eart!i\s 
ionosidiere  to  a satellite  in  space,  reflet't  it  olT  this  satellite,  hack 
through  the  Earth's  ifmospiiere  ami  rvc^eive  it  ami  Imve  a signal 
whicli  did  m>t  fade  out,  ilid  not  iimlerfro  polarization  or  liave  other 
things  liii|>|)en  to  it  which  would  destroy  its  nsefiitness.  This  was 
proven  with  Echo  E Sitice  that  was  its  pur|H>se,  it  was  desifrned  only 
to  last  ill  oibit  a sidlicient  length  of  time  to  accomplish  tins  ivsearcli 
ot>jective*  As  such,  it  was  not  tlesigned  ns  a permanent  satellite  but 
one  tliat  was  held  spherical  and  a good  retleetoi’  of  radio  signals 
merely  by  retention  of  its  inteimal  jiressiire.  We  calculate  it  ivas 
punctured  at  the  rate  of  about  )A  square  inches  of  liole  area  in  it 
each  dav  due  to  (tie  microinetetji'ites  tliat  impinge  upon  it.  'Hiis 
caused  the  loss  of  its  internal  gas  that  iuHated  it  and  lield  it  drawn 
out  into  a nice,  smooili  spliere,  Oin^  measurements  of  the  radar 
'ross-section  of  it  indicate  it  ret  a i net  I its  spheint'al  si  tape  nicely  fur 
a period  of  aUmt  2 weeks. 

Our  second  step  now  with  Echo  II  is  tiie  Iniihling  and  verify- 

iug  that  we  can  build  a satellite  wliii^h  is  not  dej>endent  on  (lie 

retention  of  its  iiitei^nal  pressure  for  maintaining  itself  as  a good 

1‘eflector  of  radio  signals.  We  think  that  Eclio  II,  on  (he  basis  t>f 

our  present  knowledge,  should  liaAT  the  cajiability  of  lasting  in  space 

for  a period  of  In^lween  a ami  10  veal's.  IIoAvever,  the  orbit  that 

we  plan  to  put  it  in  Avill  not  cause  it  to  remain  in  orbit  that  long 

because  of  the  niinute  amount  of  aerodynamic  resistance  tliat  it 

■ 

eiu’oimters.  This  will  britig  it  down  much  sofmor  tlmn  any  Ti  to 
10  years. 

tbe  i*eason  for  not  using  a higher  orbit  is  liecaiise  we  Avould  have 
to  employ  a much  larger  satellite  than  KJo  feet  in  diameter  if  we 
were  to  conduct  television — exploratory  television  communication 
tests  over  a distance,  say,  as  great  us  across  the  Atlantic  Ocean. 
If  we  Avei'e  to  put  the  Echo  II  into  an  orbit,  say,  as  high  as  2 to 
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tlien  !t  would  <lelinite!y  lust,  I :uii  quite  sm^e,  u to  in 
yeiirs  as  a go<xl  refle<ior  of  nidin  signals* 

Mrs,  AVhis*  Didn't  Krho  1 slay  Uj)  lonjrer  tlian  you  untiripated  it 
would,  Mr.  O'Sullivan^ 

Mi\  O'Si’uavAN.  It  will  stay  in  1 flunk,  api>roxim!iftdy  an- 

other  year,  l>ut  it  is  not  the  hi^jliMpuilit}"  refletlor  of  radio  sifrnats 
that  it  was  when  we  firsi  put  it  up. 

Mrs.  AVeis.  Is  it  useful  at  alH 

Mi\  O'Sn-MVAx,  ^Vs,  if  is  still  quite  useful.  AVe  are  very  hapi)V 
about  that*  H has  |)i'oven  inin‘li  better  than  we  really  anticipated. 
AAa^  thoujfht  liv  now  it  wouhl  ha vtMle^eneral  ed  quite  batlly,  hut  it  seems 
to  be  wit  list  andiiifr  the  space  environment  mneli  better^  than  we  liad 
anticipated, 

Mrs.  AA'eis,  That  was  my  impression,  that  it  !uul  funcl  loned  belter. 

Is  tliere  any  instrumentatinii  on  this  or  is  it  simt>Iy  tlie  fr-lobe? 
Is  tliis  purely  a reHectinji[  ctperation  ^ 

Mr,  (}\SuLiaVAN,  It  is  purely  a reflect injr  operation,  jusf  like  a 
mirror.  One  of  the  yreat  adyantapren  of  tlial  ovei',  say*  an  active  com- 
munications satellite  is  tliat  (he  mirror  does  not  care  bow  many  sijrnals 
bounce  oil'  it,  what  their  frequencies  are,  what  lan^uajxe  is  employed, 
or  what  tlie  band  wit  1th  is.  It  reflects  (liem  all  just  as  well,  dliere 
is  uo  maintenance. 

Mrs.  AVkis,  If  has  no  i list  rumeiii at  ion  or  other  tin njrs ; 

Mr.  O'Si  lmvan.  I'lmt  is  ri|rht.  'Tlie  only  instrumentation  that  is 
aboard  the  Kclio  I satellite  were  two  radio  (racking  lieacons.  These 
had  nothing  to  do  with  llu*  ctminmnications.  They  did  iif)t  retTive 
any  signals  ami  i‘et r‘ansinit  them.  They  were  merely  markei's,  bea- 
cons, so  that  we  could  (i'a(^k  the  satellite  by  means  of  the  Miniti'ack 
svsfenuso  we  wnultl  know  where  it  is. 

Mrs.  AATns,  Are  tliose  outside? 

Mr.  O'StnjAVAN,  They  are  mounted  on  the  skin  of  tlie  satellite, 

Mrs,  AAT:i.s.  I was  interested  in  this  model  on  display. 

'rhe  (hiAiHMAN,  'rimt  is  the  ( Joodyear,  'riiat  is  wluit  I amgoingto 
get  to, 

.Mrs,  AA'kis,  1 think  (be question  would  go  for  any  of  it.  If  y<>ti  have 
your  inst nmieniation  in  any  fif  tliese  things,  the  man  and  instrunietits 
lias  to  stay  in  tlie  nose  cone,  there  is  nothing  Imt  pi-essure  in  what  is 
being  inflated  ? 

Mr.  Lopi'I.n',  The  men  stay  in  the  jwntry  capsule  or  the  command 
module,  wliatever  you  want,  to  call  it,  until  it  is  inflated,  and  then  they 
enter.  It  is  possil>le  that  certain  histintmeiitation  could  be  canaetl  in 
the  inflated  portion  as  it  is  folded  up.  It  is  a iletail  of  engineering. 

Mrs.  AA'eis,  You  could  put  some 

Mr,  LorriN.  Yon  could.  This  is  a matter  of  detailed  design  of 
how  in  fact  you  put  it  together. 

Tlie  ( hiAiH.M AN,  Before  1 recognize  the  next  memlier  for  question- 
ing, I wouUl  like  to  ask  the  OotHtyear  jieople  aU>iif  hcnv  long  would 
your  presentation  require?  AVe  have  three  witnesses  from  (ioo<!year. 

Mr.  Hit'iiAUnsON.  1 think  our  presentation  we  woultl  like  to  give 
yon  would  take  somewhere  ai^tmnd  50  minutes. 

The  Dhairman,  I will  recognize  Mr.  King,  and  then  if  there  is  no 
objection 

Mr,  Kino*  I yield  to  Mr;  Met‘hler  on  the  ground  of  seniority. 
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Mi\  IIkciilkil  a number  of  iulvanlsiges  have  iK'en  cited  for  influt- 
able  veliides.  It  nil  her  nmkevS  me  shmlder  to  tliiiik  of  (he  total 
amount  we  Inivo  to  sjieiul  on  the  entire  spii^ce  ]>ro^raiTL  I tlnnk  1(  is 
our  ol)li^Hlion,  of  course,  to  make  sure  we  exi>aml  the  w^onomy  that 
can  sunporl  t he  ex|)en<litur'es  tlml  we  feel  are  necessary. 

I think  one  advantage  of  infhuable  s1rai(‘tures  is  tlieir  smaller  cost. 
I wondered  if  you  coultl  pi^eseiit  any  comparable  li^nres  tliat  will  serve 
to  drive  tind.  [)oini  home, 

Mr,  O'Smj  JVAN,  I am  sorry  llnU  I nm  ill-prejmrod  to  quote  lUiy 
comparable  cost  figures.  I know  it  has  Ikhui  onr  experience  iti  con- 
st met  iiifr  the  Echo  I and  the  Eclm  II  satellites  ami  ais^i  the  Explorer 
IX  satellite,  which  we  now  have-  in  oi'bit,  all  three  of  wliich  are  en*ct- 
ab!e  striictmvs,  that  the  cost  has  Ikhui  sui’prisinjjly  low,  I lljink  this 
has  been  in  hir^e  measure  due  to  the  workin^r  out  and  the  solution  of 
many  of  the  |)rohlems  in  the  laboratoi'y  so  that  w’e  Inul  a clear  idea  of 
how  to  proceed,  I'liis  is  one  way  lliat  (*osts  nui  he  cut  dfrwn, 

Mi\  IlEniLER,  If  I may  interrupt  a secorid,  I am  sur[)riaed  tluK  you 
are  surprised,  I would  assume  the  cost  of  the  inflahilde  structure 
would  lie  eonsitierabiy  less  tlian  that  of  a tllffeivnt  type* 

Mr,  Ij<>Frix,  I would  like  to  make  a conmtent  on  that,  I caii*t 
answei'  vour  question  Avitli  regai-cl  to  the  numljei^. 

One  til injr  tliat  I want  you  tokeep  in  mind  on — — 

The  (hiAiUMAX*  tkndd  you  talk  a little  louder? 

Mr.  Ijonax,  Ves,  sir, 

I can't  answer  your  question  as  to  the  comj.iarative  costs,  I would 
make  tliis  comment*  that  in  the  development  of  any  new  system, 
whether  if  1h*  an  itdiarable  space  station  or  iwntry  vehicle  f>r  what 
have  you,  a very  lar^e  part  of  the  cost  is  in  tlie  K,  & I),  tliat  has  to  ^o 
into  tlie  tiling. 

Although,  apiin,  I can't  ^tveyon  nnmliers,  I would  fruess  this  is  nda- 
tively  lar^re  as  comijared  to  the  <'ost  of  the  mdual  metal  oi‘  fabric  fu* 
what  liave  you  tliat  is  cut  tt>  make  the  thiiijrmit  of, 

Mr*  IlFAriit.Kk*  1 would  stifTfrest  maylK^  that  ( looflyenr  mi^ht  want  to 
volunteer  to  help  you  out  on  the.  R,  & 1),  cost, 

'File  (hiAiinfAx,  Mi\  Kinp,  I recofrnized  you. 

Mr.  Kixo,  I will  pass,  I don‘r  want  to  cut  into  (icKKiycars  preseni- 
lation* 

The  (hi AIRMAN.  Tfdess  there  is  an  urgent  question,  let's  ask  thesi* 
(WO  wntnesses  to  stamf  aside  for  awhile  while  we  /*  Goodyear  an 
opportunity  to  put  on  its  ease, 

Goodyear  has  a motion  picture. 

Mr.  IvARTii,  For  a matter  of  coniparisofu  from  (he  witnesses  in  the 
(^omnumientions  industry  who  wei'e  iiere,  thev  estijuated  all  the  wav 

m.  ^ 'i 

from  $400  to  $0(M)  mil!ion  for  a or  *i0  active  satellite  <*ommiuiication 
system, 

C’ould  you  estimate  the  cost  for  approximately  that  many  passive 
satellites  af  the  or  Ihd00-mi!e  level  so  (heir  duration  %vould  he 

from  o to  to  years;  could  you  yrive  me  a figure  on  tliat  oi^  (nudd  you  not 
at  this  time  ? 

ilr,  O'Si’T.LiVAX.  I am  sorry  that  I am  not  in  a position  to  try  to 
^i  ve  you  a H«nirp  on  that, 

Mr.  Kartii.  Would  you  try  ff)  prepare  one  and  *rive  it  to  the  com- 
mittee for  the  record  ? 

Mr,  O'SrixiVAN,  I think  wec'fuild  do  tliat. 


PHOJKCT  MKIiCURV 


Tlip  Naval  Air  Ma(t‘rip|  Naval  Air  1 )inTlo]>invni  ('vutvr. 

Naval  nuT'iu'lmUj^  f;u‘ililv  and  Naval  imalii'al  units  all  Imvt^  irivon  su!j- 
s(antial  ?inj)[)nrt  to  NASA.  In  addilion,  tlii'  Piudlif^  Missile  liaii^e, 
nmler  Navv  manajirermnit,  is  aiding  in  tlie  ofau'alinn  of  the  Cant/ni 
I shindy  Hawaii,  and  soul  hern  < 'a  It  fond  a t nn*kin^  stat  ions, 

Stit)[KH'fs  by  nrdts  nf  the  I )e[aii1  men!  (^f  HetVnse  lias,  in  ^vneraL 
fieen  formalized  ihrtni^h  a set'it^s  of  airreeinenls  bet  wee* i NASA  and 
tlie  part  itailar  inilifarv  scM'vif'e  (vnif*erned.  Asa  ndtM  tit^se  n;Tfeemenls 
(•ail  for  reirnlmrsermnit  l*y  NASA  for  any  sn]>|)orl  nr  sendees  ren- 
dered over  and  above  normal  military  operuiions.  Kstirimted  eosts 
of  I >(  )I ) su[)]Jor1  are  rontai  tied  itt  t:d>lel\\ 
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' 'riu'fk*  iwls  iirv  nol  ;iu}i[xirtrcl  t>y  or  frP»i  any  mTmmthin  sysh'm,  Tllcy  lirt^  !i>- 

hy  esiimaliinK  thi’  (."nst  of  rmtn-cliiyN  ftlort  which  Is  iippLIi-a  to  PrnitH'i  Mercury  hy  [>0D 

l>er!ionnc1  w ho  w^rmia  bjivc  !ich‘u  ciTiploycit  hy  1)00  wUcthcr  or  not  tYoH’rt  Mercury  w'l-rc  supportotj. 

* liichnU'^  to  isajistnict  n nuadlnit  U>  ryphtcc  'rt'lrmciry-3  BuLliUnit,  w lilch  1*!  Indrip  iisihJ  a?i  .\!cr* 

cury  control  cenicr  Irulmh's  ei^ntTiiilcd  cost  of  rnnitc  snpjiort  of  Mcmiry. 

* Tlw*  AFHMD  rclmbiirsjaitc  oosVs  arc  tHiscd  on  u H'hoostcr,  13- launch  Mercury  profirnm  ThcMM-stb 
mated  costs  w cre  prepared  us  of  .Inly  31,  iWiih  in  cimtunctlnn  with  the  ijcvidoiuiicid  plan  n>vcrlntr  A FHM  t> 
siip]¥>rt  of  rroji'ct  Mercury.  Aj  suclu  they  are  suhjeci  to  current  ami  futim'  niceoaHtlon,  re  flue  me  ni,  andn>r 
approval  hy  NASA,  This  is  u eontfnuhiie  i»ro<N‘sji  us  the  program  <lfVeloits  uinl  as  thr  rHailrcmeitt  lor 
hoewtors  and/or  Inimches  ehaiipes, 

* Appropriate  aelUm  to  obtain  reimbursement  Is  in  prctcpiis  of  neitotlutiuiL 

* IricImJcs  nonreimhursi^il  mn  of  Navy  ronstruction  BnttaLInrt  work  at  raninri,  sim!  cost  of  iccnmil  pur- 
(KJJM'  rantfc  supimrl  of  Proh^ct  .Mertniry. 

* Cost  of  oiwations  ami  mainlenanw  of  \'iivy  Kewvery  Fortvs  are  tninii  rctMitnirsiHl  hy  V .VSA  In  ae- 
ctirihinrc  with  aKrecmcni  between  CXO/N  AS.\  (STfll  dateil  Mur.  23*  iW^id 


Ovei'ull  coordination  nf  1 )e{jnrtineiit  of  I )cfeiise  siipoort  for  I’l-ojcct 
Mercury  ojteriitioiis  is  )iiT[iii}5»*d  lictwccn  Miij.  Ocn.  Ijci^hloti  I.  Davis, 
t'SAF,  Dcpartiiiciil  of  Defense  re]>reseiilative  for  Project  Mercury 
opet‘ut Ions,  ami  Mi‘.  tValtcrf’.  Williams,  .Associate  Director  of  Project 
Mercury. 

Project  Mereory  fiuolhig  i*umnt(try 

Initial  fluid in^  foi^  Project  Mercury  was  providetl  in  Hscul  year 
lt>5Sh  wlieii  vvnsoblipited  for  MuivniT  research  and  devel- 

ojiineru,  and  $'2,4*^5,000  for  t*onsinuiion  and  etiuipintMit* 

In  fiscal  year  HHiO,  tlie  oldijrution  fur*  research  and  develo[mient 
totaled  $84,-i28,H70^  and  foi'  coiisMaiction  and  e<|ni]>meut,  $:h5,Ti>5,0(iik 
The  fiscal  yeai-  HHfO  H^nres  includt*  sup|demenlal  fiinditi|£  of  $12,200,- 
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('File  infumiatioii  rptjupstt'd  is  us  follows:) 

Tim  vvjis  iiski^d  for  tlit‘  compjir;Uivt»  rosl  of  a *J7i  to  j>asHivt>  com- 

immic^aiiims  sal^dUtt*  system  to  u system  hieorporatiiiic  eijtial  inutilier  i^f  aetivt* 
i^fujunindejii itms  sutelliles. 

XASA  hns  tlie  Umnl  roip.  ujuiei'  rorUniel  NASr  21,  a ropy  of  whkd) 

is  atlaeJital,  to  study  passive  and  24-liour  avtive  voiimiUhP‘iitions  sutellile  sys- 
tems. Ttie  Katjcl  t’orp,  will  develop  iurorijiiil  jun  wliieh  will  lielji  del  ermine  the 
pmetlenl  anil  in'iaamile  henellts  and  the  cost  eonsiderat ion  related  lo  satelUte 
efniiaimileat i(jns  .systems.  W'lien  the  ittfia’Jiinthm  is  develoj*(^d  sve  shall  Im‘  happy 
to  make  it  a vajhihle  to  the  tei*. 


KcoXOMIC  A^'II 


'rECllXICAL  SrrmEft  oy  reMjSttTNiCATlONS  SATEt.UTKS 
Year  Dkcemrkh  1,  liHK>-Xovi; mheu  :stJ,  ItMil 


FOB 


TJiE 


The  studies  deserilaal  hel<tw  are  [proposed  to  he  Ltiltiated  tlurinj'  the  eomiiijr 
year.  It  i.s  extKTteii  that  ihi^  snidy  of  i«issive  systems  eaii  la*  essentially  eom- 
[deted  during:  the  year  ami  a ^eod  start  made  on  the  study  of  24-hour  aellve 
systems. 

We  ex  peck  however^  that  dviriiijj  the  eonrse  of  these  sindies  fdher  technical 
prohtems  will  arise  which  cannot  l)e  foreseen  now  or  tntiy  hiH'Oine  of  sjiecial 
interest  ns  the  development  of  the  comnnmir  ation  satellite  te<‘hnolo*:y  pnifjresses, 
\Vik  proprjsE*  that  study  of  such  tirohlems  he  undertaken  whtni  deemini  tieslriihle 
after  appropriate  crmsiilta I ion  hetween  NASA  and  Itaiid* 

L P<iMnh'c 

As  a first  step,  a pjiramelric  study  r>f  those  systems  containing;  s]dter]cal  reflec- 
tors as  oi'ldtintr  ehntienis  wilt  he  madt^  for  the  purimse  fd  evalu^1in^;  their  eco- 
uomie  potentiah  The  main  variaides  are: 

A.  PvftiTtoi\ — The  sixe,  welahk  and  useful  lifetime  of  the  rellectors  are  of 
importance.  The  lifetime  as  a function  of  weight  is  j presently  least  underst(K>ti, 
Therefore,  at  llrst,  it  will  he  ma-essary  to  nssi^ri  a ranjje  of  reasonahle  lifellmt's 
for  ji  weiji;)jh  As  the  study  i)roi;n*sses  \ve  should  iie  iitde  to  refine  this, 

riose  i'<ni1aet  will  \»-  maintained  with  irroups  sludyinj;  the  [trohlem  rjf  .stiflTenintr 
the  relleetois  and  c^onstderal ion  will  also  he  ^riverj  to  rettiH?ior  shaiK's  other 
limn  spheri<itl, 

H.  Orhiffit  ftitittiffr  oad  — The  orhital  eonfiffuratlon  iullueuees 

the  capacity  of  the  system,  the  circuit  onta^^^s  In  terms  of  total  fractional  out- 
rpxe  time  ami  also  the  dura  lion  rif  rmtu^es.  Other  imtioriaiit  factors  are  the 
riiimher  of  reflectors  and  the  hmrudi  vehicle.  'rrmh'ofTs  atiion^  system  capacity 
Hlesired  to  he  lnri;eK  ontUKe  tine*,  lUid  the  iiuinher  id  launches  rei[uin‘d  to  place 
th(»  system  in  orldf  i hotli  desired  to  he  sum  1 1 i will  he  invest  i^jated.  These  trade>- 
offs  deiwnnl  in  t>arf  on  the  ^reat  idrtde  distama*  between  terminals  and  on  their 
hjf'atlFms  relative  tf»  tiie  judes.  As  a <*ons(»<p*f“T^''^'*  h he  ner-essary  to  makt* 
assiimiitions  about  the  hM-ai  ions  of  the;;nmnd  terminals. 

i\  firouttff  ^^nrirfihiut  fit. — Tl  is  uecessiiry  to  develop  solid  information  on  rbe 
present  stale  of  the  art  of  Idtfh  effc*<'tive  radiated  Trovers  and  the  [WojectiMl 
state  of  tin*  art  a few  .years  hence,  Ineludini;  the  (TnTjierfies  of  Jarj^e  track  ini; 
antennas.  In  the  eonrse  id  tlte  Kditi  ex  j and  mem,  lertiiin  trucking  <)if!iculties 
were  em^nuiP^risl,  This  raises  tlie  quest  ion  whether  in  an  o]xwational  s.vstem 
4^a<*h  grountl  terminal  wonhi  (catalog  t lie  orhital  tiarajmHers  of  eaeh  indlvlfluai  re- 
flector. wheflier  a central  sTatitm  eouhl  [lerform  this  rntiidion,  et(‘. 

Variations  In  the  t^itratnefers  nicntionrHl  above  will  studifsl  to  detennim* 
tlieir  erfe(d  on  <N»sts,  and  io  .sw  what  general  system  design  now  a(ijH*ars  most 
[iromisiiig. 

For  the  same  antenna  si/,e,  rei elver  temiK^ratnre,  and  transmitter  jswer  at 
the  groimil  iristallntlon  and  ispial  payhaid  in  orbit  the  nnmlso^  of  channels 
ill  an  ai'tlve  .system  Is  mmdi  higher  than  hi  a passive  system,  when  a single  link 
is  ciaisidensh  However,  hi  a jiasslve  system  the  niimtier  of  ]iartic]]>atlng  ground 
stntimis  can  Irt^  increas(*il,  suhjtHd  only  to  rlie  restrictimis  irnpos^’ni  hy  the  avail- 
ability of  fnHinencies.  'Phus,  a [lasslve  s.vstem  may  bt'iMime  competitive  with 
active  systems  when  the  niimlH^r^of  part  icitmting  star  ions  lM*cnmes  large,  par- 
tiiajlarly  If  the  stations  feial  fo  eoncentrate  in  siune  geugraphical  areas.  This 
ljrisslhlUt,v  will  U*  evamltK^l  as  t>art  id  the  passive  sjitelHte  study. 
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A tlmn»ii*:h  iirmlysl??  of  24*li(njr  <HHiJDJunl<'Utl(HiK  stitellite.s  will  Ih-'  untk'rhikrti* 
While  reMilts  snme  of  thin  tintJlyslH  will  lx*  rej><jrtiHi  during  rlje fomiu^? 

yoar^  !t  Is  ourreurly  nidioijmNxl  that  this  ntiuiy  will  extend  l><\v'oiui  NoV(»mher 
:«),  UMti. 

As  noted  in  the  siiecial  advisory  reiKirt*  by  n im^re  ativniieed  repeater  de- 

sign n eu[jjieity  huTease  of  a faeti>r  nlumt  four  smus  qnUe  fe^ls^>le  over  wliat  is 
iK^w  jdanTied  in  tlie  Advent  program.  A dlfTeretit  jip]>ro4ieh  to  the  24'hour  systein 
Is  a smaller  l lighter  weight)  satellite  whleh  could  lx*  liiunehed  by  a smaller 
velilcle  than  Athis-Centanr  or  several  smaller  satellites  huincluxl  sinmltaneoiLsly 
i>y  a large  vebiele.  A study  will  he  made  of  tlie  tM‘oimmie  potential  of  sueh  a 
24-htmr  systinn  based  oti  the  folUnvlng  teehnleai  studies: 

A.  Sj/Jiivm  intpHfVtir/n^, — The  system  iinplicatlons  of  a few  small  24-hour 
satellites  as  eontraste<l  with  a single  big  satellite  will  be  investigat(xh  Tim 
frtH|nency  rtMiidrements  in  the  two  eases  differ  dnistjt^ally  provided  Hie  smaller 
satellites  are  separattnl  in  excess  of  one  Ix^amwidlli  us  viewed  frorri  ihe  ground. 
Also,  replacement  eotisidemtlons  are  difTereirt  as  are  a rmmlH*r  other  system 
<*haraeteristlcs. 

H.  I{4tf)Hfcr  for  ^i-Itotir  orhitr — lhs>ster  data  will  lx*  mnsJe^l  as 

haekgrouTuI  Information  in  varying  ihe  other  purutneters  of  24dioiir  systems. 

C,  Orhit<tt  (iiut  atfitntie  vuntrut  — The  jirirunpul  objective  of  this 

investigation  will  be  the  deteniiinution  of  the  relationship  between  fuel  nujuire- 
nients  and  useful  Uetime  in  orbit  for  a sj»ecitled  payload  or  payloads.  l^)ssihle 
hypnsiiuds  might  he  j^erforiname  speta  lieu  lions  for  the  orbital  and  attitude  eon* 
tff>i  systems  and  a tlfseiissiou  of  possible  system  mechanizafioiiH*  Tlie  study 
will  include  investigaUfui  of  orhhnl  pert  urhat  ions,  orbit  a)  cmitroU  and  attitude 
control. 

The  orbital  tJ*'rtnrbat[on  analysis  will  Include*  for  examine,  investigation  of 
the  ix^rturbations  of  the  rirhit  due  to  gravitatimml  efTe<'ts  of  the  Sun,  Moon*  and 
the  I0arth*s  bulge!  to  determine  tlie  length  of  the  time  iiermissihle  between  rirbltul 
correi'tions.  If  a sir.alde  antenna  is  involved  the  effects  cjf  distnrhing  forces  due 
to  I'adlatUm  pressure  frimi  the  Sun  on  orbital  and  attitude  control  jirocesses  may 
become  sigidftcatit. 

The  orbital  control  liivesUgal ion  will  Include*  for  examiile,  investigation  of  the 
acciiniey  with  which  the  desired  orbit  eould  lie  esta  I dished,  single  and  multi- 
stage orhlt  ('orrection  processt^  frmn  the  standpoint  of  fuel  economy  and  iiecu* 
racy*  the  effect  of  the  attitude  referem^e  performance  on  the  orbit  control  iiroc- 
ess*  and  prohahle  fuel  reuidrements  to  ctunpeiisate  for  gravitational  perturba- 
tions of  the  initial  i>rliit. 

The  attitude  contnd  investigation  will  Include*  for  example,  cfuisideration  of 
possihle  attitude  reference  sy. stem  mecbauiKa turns*  performaru'e  specifications  of 
the  attitude  reference  system  imsed  on  antenna  and  ortdtal  control  requirements* 
and  energy  re^piiroments  for  atrlTude  ctmtrol  systems, 

D*  Ifrpvtftrr  rh^rfrontn*, — A 24-bmir  satellite  may  use  a single  high  pt^wer 
output  tube,  a niiiuher  of  hmer  power  tulies  a still  larger  numlier  of  low 

power  solid  slate  devices*  The  satellite  antenna  system  may  t*onsist  of  only  a 
pair  of  Knrth  coverage  anteimas  or  may  include  a numlier  of  highly  directive 
antennas.  The  amount  of  directivity  desirahh'  deiiends  on  such  factors  as 
ground  station  distribution*  the  degree  of  attitude  stablUxation*  ami  the  tyjx> 
of  power  out  lint  device*  The  state  of  the  art  in  output  devices,  nntenmis,  and 
other  satellite  components  as  well  as  the  interrein tiotishlps  will  he  examined 
to  define  advantageous  systems,  e,g*,  choice  <>f  frequency,  output  device*  number 
and  type  of  antennas*  design  techuiiiues. 

Out  of  the  voluminous  w<irk  being  carried  out  on  auxiliary  power  systems* 
space  environment  and  reliability,  items  of  particular  significance  to  active  com- 
munlcations  satellites  win  be  studied. 

E.  Quutti-ftxvft  ff round  unfrurntf*. — Only  relatively  small  diurnal  motions  of 
Ihe  antenna  beam  directions  are  needed  1u  24 -hour  systems*  so  Umt  the  necessity 
for  tracking  antennas  is  eliminatfHl*  We  pnqMJse  to  investigate  what  antenna 
iirnuigemeuts  might  IxMnost  attractive. 


INFLATABLE  STRUCT'URES  IN  SPACE 


21 


CoMt  trrfmivai  on  rontnutnivafiotiH  Matt  Uifcs— 

KMtioiiftt'd  f'ffMts  and  for  Utr  inaf  L fiHiO-Xftv.  Iffdi 


Pinn?t  snlaries___^^ 7<mi 

nvt‘rht‘tKL  at^-STK(;H  .... 

2,  TMMJ 

Staff  trn\'i'l-„  — - R, 

('"oTisTil  lit  tits,  and  truvi'i T,  (KMt 

0>ni[>utiiiK  marhiiu^  n*ntuL^_. 10,  2(Kj 


^J\dai  i'hsI 17^t,  2-"0 

Fix(^d  l(t,  40(1 


Total  estimntnd  fosf  mid  lixi^d  fot' i s'i,  0."0 


;natjonai 


EroNOMir  A.Mi  1ntk> 

TIVlTKl?*  Fint  TIIK 


Pi)uc:v  ijrKKTTONs  A8S(k’iatkii  Wmr  Simck  Ao 
Vp:ah  Dkcfmuku  1,  XovtiMUKa  ;i0,  1001 


Studios  ]daimtsl  oti  tlio  is^oiiomir  aiul  intortiallrvual  |ii4i<'y  iiUfstioiis  assncial is) 
with  8[iai-e  m’tlviii(?s  fall  lut(»  tliroo  Uroad  arojis:  rlu^so  disilhi^r  wiili  i fHimmiu- 
rafloua  sat(dlirt‘s,  tlnw  fh'nlint:  whU  motiH>ndoi^iral  saMdiitos,  an<l  cojisidorarioii 
nf  tlio  Implied  of  Mio  “spiifO  oij  otlior  i-fiuuirios.  Pro]>osod  [irnj^rmiis  of 

rt“Soan'h  in  oaoli  of  lliosi*  arous  aro  fti^riihisl  iadow,  Tlio  s1udii“s  dosiTiInsi 
uro  tn'oi»<>socl  to  ho  iuilialod  dtn-iii^  the  rmnint;  yi*ar  aiul  U is  oxtioctei)  that 
Huhstriiiiial  iirot;re8s  can  Im*  niado  lai  alt  of  ilunu.  However,  duritiii:  the  csnirst^ 
of  thesse  studies,  either  prohlems  may  arisi^  wliieh  f'limiot.  he  f<*reseeti  now  or 
may  heeome  of  sjasdal  inteu'est.  We  propiise  that  slndy  of  sindi  proljUniis  he 
undertaken  when  deemed  desiraiiU^  iifh^r  aiipri>prtate  eonsuttal ion  ludween  NASA 
aiul  UaiuL 


f*  ConimanivationM  SatrlUtcM 

Three  studies  are  [ilanniHl  on  the  is-oiionde  and  Inteniatioiml  iioliey  f|Uestions 
assixdaled  with  I'ominuuieatioiis  sjiteUites:  a study  of  (^-onomie  and  stwdal 

henefits  slr(*ssiim  tHissilile  f^rcjwth  of  new  kinds  of  dtnmunts  for  lon*^“t)istatn‘e 
efnntiiunieations : a study  of  cs'oinmde  jsdi(*y  issues:  anti  n si  tidy  id  the  [>r«is 
and  eons  of  intertmtionalissed  development  and  o|jerjitiou  of  eonuininieutions 
satellites. 

A.  L’emio/nfe  and  Mortal  hi  nr/if M.—'Vhontih  nnist  of  i>nr  fiilure  work  in  eon- 
neetioii  wMli  aualy/dnu  the  eeouomle  Tienelits  of  eominuiih^utions  will  he  done  in 
idose  e^miKK'lion  with  the  t*Hdini<*al  studies  deseriht*d  seimrately,  one  aspiH-t. 
of  ttiese  studies  Is  of  Kenenil  interest,  and  is  i»roi»osi*tl  lo  he  eouUnued  more  or 
less  inde|)eiidently  of  llie  detailed  e**onoitde  and  teelinlc*ai  ami  lyses.  This  study 
will  further  examine  the  new  kinds  of  demands  for  Jon^-distauee  eoinmunieMtioas 
that  may  emerm*  in  the  future:  espfH'lall^*  demands  for  data  rraiismfssiou,  fue- 
simile  devi('t»s,  elosiHl*elreuit  T\',  ami  eommendal  TV,  Tlie  i^‘onoiuJe  promise? 
of  iHimmuniea lions  satellites  umlout^UKlly  wMl  he  suitstimtially  affts-ted  by  liow 
rapidly  these  new  iyjK*s  of  iloniaml  emerKe. 

B,  ICctmomii'  polioft  itotnrM. — T)ie  study  of  eooaoniit'  jKilii^y  issm*s  wilt  involve 

thrtH*  ("laisiderations : a siiort-term  stiuly  f several  inoiithsj  of  Beensiiii'  the 

usi*  of  (rovenimeni  Laiiiu4iiuK  faialitles  and  two  lonj^er  term  sTiidii^s  i s<?nie- 
thiii;r  like  a yeart,  one  flealin^^  with  tlie  fretjuenry  aihK*ation  protilem  and  the 
otlier  with  the  riitemakin;:  Iirotdem. 

4’he  analysis  of  the  fM^caiomte  policy  jirolilems  involved  in  workiu;^  out  a 
scheme  for  licerisimr  jadvate  i^ontmetors  to  use  ;xovcmmeiJt  iauui-lijn^  faei)iTU‘s 
will  include  coiiside^ratioii  of  ihe  kinds  of  liM*nsinij  anainrenjeiits  the  AKr  has 
worked  out  aiul  mi  examiimtion  nf  alternative  fori nu las  fi.r  deieriujiun;:^  what 
rates  should  lw‘  charged  for  the  use  i^f  ^oivernrneni  laumdi  farlUties  as  well  ns  for 
the  hninchiiij^  vel deles. 

Tlie  study  of  tlu‘  freijuem\v  alloc^atiori  proidtnn  will  he  direeded  Umlin^  ways 
for  insuring  eflieUuit  utniKation  of  the  frequency  spHanmi  in  tlie  Hglit  of  in- 
lU'easiM:!  demands  on  sjKsdrum  sjwice  hrouLTht  on  Uy  (‘ominuidcations  satrdlites. 
The  study  will  Include,  for  exaiJi]de»  consideration  of  ihe  followiiig  items:  fa  j An 
examlnution  of  pn*vaMiiig  practices  in  alh  tea  Ting  and  assigning  freipiemd(»s,  and 
how  tliew*  pruetict's  will  afltKd  the  avaihdiility  of  spin-trum  for  spine  purposes; 
f fH  au  exaiiiimiUoii  of  the  eftfs  ttveness  of  tla^  (uirrent  prnci^Iures  for  alh»<‘ating 
fnKjueiudes,  11  uw  well  do  they  taki^  into  account  the  value  of  the  rigid s timt  are 
assigned  for  purtii  uiar  imriHisesV  How  well  do  They  Insure  that  admuate  at  ten- 
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tUm  w\\\  1m*  f^U-pn  for  Jlmliiii:  w«ys  for  ron?^t*rviij>:  on  ihi*  itsi*  flie  ? 

I low  woll  ill  I ilioy  fuoilirjib*  Jidjiisttiipiits  tn  siN4‘frutti  ns  t^simoUii^y  ml- 

vanc'psV:  (r>  jin  (^xnrnlnaTloji  r»f  rlio  proposals  timt  lmvt»  Imm'II  u\m\p  frir  im[irovlrii; 

offlrionrv  of  tlio  nllo(*nrivo  proot^ss.  Anifaiu  flioso  Mutt  will  soriously 
i»xnminofl  from  ii  jiracUf^iii  viowiinlnt  Is  tlio  sui:#:f'stion  tU*U  si  umrket  in'  esNilI= 
lislitHj  for  tln‘  pimimso  ami  salo  of  friMpioncy  nssltfumonts. 

Tlio  SI  ij  SI  lysis  of  Hu*  rsitomakiritr  prnltlpm  will  inoluilo,  for  oxmupio.  naisfilora 
tion  of  (ho  followtrid  siilijisHs  ; (a)  A systomatlo  o\!inii?aiHrm  ut  hmv  ( 

(irms  ra(os  aro  prosoiitly  tiotiTinimsl  with  (ho  vlow  of  thwt'lo|ilni;  an  oxiilannlloa 
111  (onus  nijilorshmiinhlo  to  tho  Inyiiiari;  s ?j  i an  in<iiiiry  into  how  intoriiat  loiml 
ratios  aro  df^lermimsl  is>th  In  tho  oommunirntions  tlt^lil  aint  In  rho  airlinos  Oohl: 
(rl  an  ansilysis  fif  tho  t‘fais<H[imms’s  pros^nif  iMiJlcHos  nro  harin^f  tn  allooatln^ 
rosourc^s^  ff/)  a fllsnissioti  of  iho  kinds  of  rlnuiKos  in  riifeiimkin*r  iMdicios  tliai 
ji]»tH*nr  ncM'ossary  if  tim  bonotlts  nf  ronimutdositlons  sntollitos*  or  ofht^r  kinds  of 
Mi*w  tivhnolo^ry.  jtro  ijfdiit:  to  lx*  fully  «*xploitod. 

C,  Intvnwtio}ifiU:;r(f  drrrlopmcnt  or  A (‘onmumlnitions  siuplllto 

syst<‘in  is  hy  ilofiniHoii  ‘intorniit lonal”  In  tiiat  it  j^rovidos  a ('imniniidoalh»ii  sprv 
lot'  hidw'i^m  ('ountrif*H  and  itroiaihly  on  a ^hdial  srsdts  fl round  links  wouhf  ix' 
hiriilod  in  varlmis  roiiTitrh^s  and  InternatUmal  JtrraiHrrnuutls  woiihl  hnvo  to  ln^ 
made*  a^TO^d^n^^l>^  Tlu*  rnlNa!  States  may  deeido  to  develoi>  iind  opera lo  jiio 
sysleni  tnsrnfwf!ff  ana  I\S.  ontarjirise  (imhlie  f^r  private)  iind  to  work  out  imi- 
litieai  jimjrineinenis  and  leelnjietil  details  on  a Idlafernl  imsls  with  tlie  user 
[wirtlfipsHits.  The  Sp^sdal  Advisory  Rejiort  of  Septemhi^r  to,  ItHlO,  re<"oiuiiiendHi 
suoh  41  u apprcsieli,  for  reasons  eited  on  pages  T'i-7o. 

However*  insuflfteleiil:  analysis  has  htHUi  given  the  rpiesflon  already  raised  i>y 
U.R  offleiais  and  imshiessmen  : Why  not  develo|i,  or  at  ivust  operate  the  system 
under  some  sort  of  Internal liuinl  ims))k‘es?  IVvelopment*  oivnersldp,  or  openitiori 
might  Ih*  veste^l  in  a siMHda1i:*:ts1  agem^y  of  the  I'ldt^sl  Nations;  nr  in  some  inter- 
natitinnl  te('hiii<Mil  group;  or  in  n eons<>rtiuni ; In  a puhUe  or  prlvsite  eorporaMon 
in  whleh  shares  are  held  hy  governments*  private  eont^rns.  c^^  other  groups;  e(e, 

We  prop<>:e  ti>  study  this  pnddem  to  hlentify  and  Jisst^s  tla^  w'orMi  of  a rurif  tp 
of  pfiHsihle  'Internati^miili^ed”  arrangements:  their  iidvmilng4*s.  risks*  and  draw^ 
laicks.  and  the  hmger  term  irntdit-afions  and  eotisiMpnmees  for  r*H,  national 
interests*  Several  ease  stmUes  of  analogous  nr  ixTtlneiit  lnt<*rnntinnal  ventures 
would  Up  undertaken  (e.g**  Inter  national  Atomic  Energy  Ageiit\v>  in  order  to 
assess  the  pr4\^edents  and  to  establish  a factual  fooling  for  future  projections* 

This  study  will  follow'  through  on  present  Rand  work  for  NAf^A*  nearing 
completion,  on  smrie  of  the  tsditicnl  proldems  and  opjHirfurdties  in  the  field  of 
emux^nition  and  interna tioiml  regulation  and  control  of  space  activities.  If  will 
l>e  pursued  in  close  asstx'iaiion  with  the  planned  jimject  4ui  *'The  Impart  of  the 
‘Space  Knee*  on  Other  Oountries**  (see  descrltdlon  t>eltuvy, 

/f.  }frteiirolft0^'a(  StitrWtrn 

Two  studies  of  the  economic  imidtcatlons  of  meteorohigicnl  satellltt^  are 
I»lnatie<L  The  first  treats  the  value  of  impriivements  in  slorm  wnrrdng  and  the 
second  considers  how  infonimMon  derived  from  meteorological  satellites  might 
he  llse<I  to  improve  the  hurricane  warning  system. 

A*  Ktouorttir  nifar  of  iniprorf'mrntii  in  ntorm  intrtnufj, — Over  the  next  few 
months*  w'fvrk  mi  the  e<*ononiic  and  social  value  of  hetler  wenther  Information  will 
focus  on  the  problem  omline^l  In  section  V of  UM-ifl2i>-NASA  : the  determimi- 
\Um  of  the  value  of  Imprcoements  in  storm  warning,  particularly  hnrrh^am* 
warning.  A model  of  the  seciueutial  def-isionmaklng  pnddem  involved  in  the 
efflc'ient  use  of  storm  advisories  Is  being  develoixxl,  Wlien  ir  Is  conudeted,  which 
is  exiMHUtHl  to  be  in  the  near  futtire,  an  attempt  will  be  made  tc*  apply  It  In  some 
sUtmtlons  where  the  <x*oiifmdc  signiflcaiifs*  of  better  warning  may  be  exf>eeted 
To  lie  considerable,  One  [mrtitadarly  Interesting  opjiort unity  for  n «ise  study  has 
mnie  To  fUir  attention:  when  a hurrh^ane  threariuis  at  C'ape  (‘anuveral  a decision 
must  l>e  made  as  to  whether  launeddng  veh leu's  slaoul^l  be  taken  dowm  and 
gantries  secured  against  the  high  winds,  Siadi  a*dion  may  he  costly  tioth  In  terms 
f»f  the  direct  m^Ts  of  taking  protective  aetbm  and  (he  n*suiting  delays  In  the 
t»^ting  pn>grnm : on  the  other  hand,  failure  to  take  such  action  when  it  is  needefl 
will  result  in  expensive  dantage-  It  is  tauieil  that  the  iinnlysis  will  both  point 
the  way  to  optimal  use  of  the  existing  yxissihUltit^s  for  warning  and  indif^atc 
w'hnt  sorts  of  linT^rovemcnts  might  have  the  greatest  value,  Suhsequent  to  the 
analysis  of  the  Ci\\}p  (’"anavenil  problem,  wp  prnjsise  to  utidertake  other  case 
studies  of  the  use  of  hurricane  warning,  but  the  particular  situations  to  be 
stiidie<l  have  not  yet  b«^n  drxdded  iijKin, 
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/L  Poanibiv  io  ffiv  fntrnvuHr  truruhtfj  ttjtsfrtn. — A slutly  in 

pljiniUHl  tit  sjH'rUkniLly  snim^  inijn'iivtHiu^nls  in  httnirain*  wiiniin*^ 

s^’stcm  which  niitjlit  he  olitiiliicd  liy  nsin^  mi‘tci>ritUi>};ii‘aI  sntellile  filtMervatinns. 
In  imrticulart  we  will  siH^k  to  lieteniilne  whai  ttn|ir<tvejiients  svoulil  resnll  simply 
from  Imvinu  Ihe  information  on  the  posidfm  of  the  hnrricaiio  whirh  the  siilellltes 
wouhi  make  availahle,  iitul  eonipare  the  ei^sts  of  ohiainln^  iM^siijon  ilnhi  in  This 
wny  with  the  costs  of  ohtainln^  It  hy  airernfl  iwmimiissanee,  llernuse  Tije  lonjr- 
nui^e  font  rihin  ion  of  ihe  weather  sat  el  I He  program  to  inptrovenients  In  foreeast- 
iii#i  tiM-hnhjues  and  to  (he  scienfo  of  unMeorolf^^y  eamiot  Ik»  estirnateil  wilh  pre- 
idslon,  onr  <iniel visions  in  this  ami  will  liaee  1o  he  rckM riled  ns  provhlin;:  lijwer 
loiiinils  to  the  heTietifs  ohtnlneii  rather  than  e^tjanded  value  estlnmles, 

t ff,  IttffHirt  o/  thr  /iV/re”  on  fHfivr  Vf*unfrit*x 

('nri'enfly  nearlnt:  eomtiIi*tPm  is  a study  of  Soviet  r*old  war  objectives  iti  space, 
and  tlje  Soviid,  conrejjfhm  of  T.S,  oljj*‘et lve*j  amt  space  programs.  The  iinivmd 
of  Ihe  Sovlei  tei-hnlcal  jn'offram  and  p^dilii-al  strafetry,  ami  the  Imivaid  of  U.S, 
elTorts  need  lo  he  assessed  f<ir  llieir  efl'ects  on  in-lietween  naiioiis.  Such  a .study 
is  prnpostMl,  on  a Hniitetl  si^ale,  in  onler  to  provide  an  empirnail  basis  tor  positive 
]iro[wisals  ami  initial  Ives  widcii  the  UriHed  Stales  ndfftit  nriflertake  In  the 
fiituri* — ^initiatives  fi;r  ^■onsolidal1l|^^  and  huUdint^  internatUmal  su]»i><»ri  for  1^S, 
spui‘e  mdivHles,  la*th  tecUriic^al  and  ladhicaL 

In  order  li»  make  realistic  assessnienls  of  the  sn]jpnrl  the  Uniied  Stari^s  can 
ex|ieet  from  other  count rii^s  and  to  divide  future  l',S.  actlrms,  an  analysis  will 
he  made  of  the  views  and  iHJsitioiiH  already  entertaineil  tn  key  i on n tries  as 
expressed  in  their  own  spai'e  iwo^nims  and  interests  i in  ttielr  stand  at  tin*  rnitisl 
Niillojm,  <T>SUAR,  ITU:  their  attitudes  ti>ward  spai-e  astieids  of  arms  csmtrol 
tie^ia  iations  : etc,  Mnidi  of  the  present  kiiovvk»<l;^e  on  the  im]m<'t  of  the  space  com* 
TK^fltiou  is  hasial  on  casual  imiiression  or  episodic  jmidic  ojdnion  THdUnir^  The 
projiosetl  study  will  attempt  lo  develop  a iniin*  oijJfM  live  synthesis  i^f  existini: 
source  materia  Is  and  iuij2:lit  he  folh^weil  u]>  with  litdd  studies  on  a iiiJi>L  scale. 


CoHf  cfitimate.  econmnie  an-ff  hitenmtifninl  p*}IU*]f  f/uei-ttion-ft  asstff'Urtr*t  u Uh  ^7>^/cc 
fict ivi t ft mdicfl  vonfs  nnd  fee  for  thr  f/eftr  Drt\  /,  tit60-Xfft\  4(K  Effit 


Oirec^t  salaries 

Overhead  at  85.(18  [lercent 

Ihihl  lea  tions 

Staff  travel 

Consiiltants;  fees,  ami  travel 

Computing  m.a chine  rental 


mi 

4 . hfjO 
1 iHH) 
hod 
;i.  80H 


Total  estimated  cost 
Fixed  fee 


335,  TofJ 
20,  irrfj 


Total  esttumtwl  cost  and  fixed  fee 335,  iHKi 


Mi\  O'Sullivan*  In  reiranl  to  a question  I lielieve  you  tisketl  si 
innnieiit  1 Imv’e  some  fiirtlier  inf<>nmitinn : niiniely,  to  ihe  elTeet 
tliat  Ii(\\  was  seleeteil  yeslerday  tn  eondiict  notions  to  eoTislruct  an 
experimental  active  <‘omninnicatioiis  satellite.  TImt  is  a relsiy  tyjie. 
It  is  to  test  out  the  satellite  (Components  in  the  ,spsu*e  environ  men  t.  We 
are  procet^diiifr  in  that  diret'tioiu 
Tlie  C'nAutMAN,  $3  millioii  f 
Mr*  O'Sm.livan,  I think  so. 

Tile  ('iiAiUMAN*  If  tliere  is  no  ohjecd itm*  we  will  po  aliead  now  and 
liear  the  witnc*sses  from  Goodyear, 


^Ir,  Riclnirdsoiu  yon  are  vice  president  of  Goodyi^ir  Aircraft  Gorp, 
('on Id  you  take  over  your  pi'esentation,  and  yon  <^an  introdiua^  the 
witnesses.  T>r.  lif>ss  and  Mr*  MaddetL  and  you  enn  j>ut  yoni'  iradion 
nicture  on  at  the  unmer  time  and  olace  in  tlie  testimony " 


illiu  I * II.  ill  11 1 liilJ  pill 

picture  on  at  tlie  i>ro)>t*r  tiirie  and  place  in  the  testimonj’. 

Mr,  RirirAKns<iN',  Thiink  vcm.  Mr.  ('luiirniim. 

% 
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INFLATABLE  STRUCTURES  IN  SPACE 


STATEMENT  OF  ROBERT  W.  RICHARDSON,  VICE  PRESIDENT  OF 
GOODYEAR  AIRCRAFT  CORP.,  AKRON,  OHIO,  ACCOMPANIED  BY 
DR.  ROBERT  S.  ROSS  AND  ROBERT  T.  MADDEN,  OF  GOODYEAR 
AIRCRAFT  CORF. 


Mr.  liiciiARixsoN.  We  are  \'ery  |>leased  to  i)e  liere  today. 

We  think  the  subject  of  inflataltle  structures  or,  as  we  call  them, 
oxpaiulable  structures,  1 think  to  pul  it  in  context,  we  all  mean  the 
same  thinjj.  So  when  you  hear  the  ditrereiice  in  words,  we  are  all 
talking  talx>ut  things  that  you  make  .small  on  the  lanncli  pad  and  make 
large  as  you  get  into  orhit. 

We  are  very  delighted  to  l>e  here,  primarily  to  ac<piaint  you  with 
a new  teehnology. 

T think  Mr.  Ta>ftin  and  Mr.  O'SnlHvan  have  done  a good  job,  and 
NA8A  is  to  l>e  coniinended  on  the  Kcho  and  the  communication 
.satellite  pi*ogi’ams. 

We  would  like  to  carry  the  discussion  into  some  other  areas  that 
liaven’t  been  covered,  wliicti  I hope  you  will  Hud  of  interest. 

It  is  obvious,  as  pointed  out  by  Mi\  Loft  in,  tliai  in  an  expanda- 
ble structure  you  can  fold  it  up  on  the  launcli  pad.  It  basically  has 
light  weighty  and  through  that  utilizes  only  medium  size  or  smaller 
boosters  therefore  not  re<iuiriug  tlie  large  boosters  to  put  large  struc- 
lums  in  space. 

At  (Toodye^r  Aircraft  we  have  been  interested  in  this  subject  aiui 
hav'e  done  active  researcli  work  for  a number  of  real's* 

The  state  of  Mie  art  is  eomiiig  along  well.  M’e  «lo!rt  know  all  the 
answers  as  yet,  Init  it  is  all  very  feasible,  and  there  is  very  definitely 
a big  world  ahead  of  us  in  this  country  in  the  use  of  expandalde 
stiaictiires  for  many  space  applications. 

I think  in  the  interest  of  conser^'ing  time,  we  .should  get  ahead  with 
our  presentation. 

IVe  are  going  to  have  to  ask  you,  Mr.  Chairman,  In  bear  with 
us.  "We  have  some  slides  and  motion  pictures.  We  have  a black- 
boaril  and  we  are  going  to  try  to  work  between  I hem  so  we  may 
have  a little  problem  of  turning  liglits  on  ami  oil'  this  morning. 

The  {’n AIRMAN.  We  will  help  yon.  We  have  until  noon.  That 
will  give  you  40  minutes. 

Mr,  Kighaiuwon.  M'e  will  do  the  best  we  can  to  b**  Hnished  bv 
noon. 

There  are  tw(>  gentlemen  with  me  from  om*  <»rganizal  ion,  Dr,  IC  S. 
Ross  and  Mi‘.  Robert  T.  .Madden,  who  are  going  to  participate  in 
our  presenlation  this  mtn’iiing.  1 hope  you  will  find  if  very 
interesting. 

We  will  he  mos(  happy  to  answer  any  cpiestions  when  we  are 
through. 

With  your  pennis-sion,  1 would  like  to  turn  our  presentation  over 
to  Dr.  R.  S.  Ross. 
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STATEMENT  OF  DR.  ROBERT  S.  ROSS,  MANAGER,  AEROMECHANICS 
RESEARCH  AND  DEVELOPMENT  DEPARTMENT.  GOODYEAR  AIR- 
CRAFT CORP,,  AKRON,  OHIO 

Dr.  Rr»ss.  Wp  lire  goirijx  in  show  you  u few  slides  of  sniiu'  of  tlx* 
subjects  tliat  we  ihink  we  can  make  nut  of  tlie  inlliitable  nr  expanda- 
ble struernres.  1 liave  some  movies  here- 

T'he  Chahoian.  Just  a mnmeiit,  Some  of  us  eairi  stv  the  si  tiles. 
I)i\  Rows.  Some  rail  tliem  inMa(ab!e,  expandable^  eiwhible,  or  pliant 
structures.  They  all  inviJve  the  same  tliiujj,  the  basic  function;  tliey 
can  l>e  folded  up  into  a small  <*ompact  packnp*  at  one  time  and 
opened  up  into  a very  lar^e  one  at  another  time. 


50  YEARS  OF  FLIGHT  FABRICS 


I'ln  PI.  I 


Figure  1 shows  that  what  fioodyeu!'  has  l*een  doin^  foi-  the  last 
JO  years  has  l>een  tied  up  witlj  thts  type  of  st riu't ure.  Wv.  can  ^o 
ail  (he  way  hack  to  the  U^^innin^^  nl,  you  mi^lil  say,  the  Wri^jln 
Hrothei^s,  %vay  hack  in  1900,  we  stalled  \vorkiny“  with  fabrics  ihal 
went  on  air|)lanes.  Actuany  the  tires  that  went  on  the  airplanes, 
too,  and  that  we  liile  on  today,  aiv  of  that  type  of  striuam^e,  nj) 
tliroiifjh  tlie  balloons  ami  aii"shi[>s* 

Hack  in  1949,  we  found  we  could  see  thrcm^rli  some  of  tins  ma- 
terial with  i^adar,  and  we  made  fabric  radomes. 

In  l!laa  we  found  we  had  a hivakthroufrln  We  Indlt  tlu*  inllatii- 
ble  plane  at  that  time. 

^ Today  we  are  looking  at  sf>ace  a[>plicalions  that  (^ould  U'  spat*e  stii- 
lioiisor  ditleivm  kinds  of  iT*-eiitry  vehicles. 

We  will  try  lo  tell  you  alK>ut  some  of  these  today. 

Wliy  do  we  ivally  lof)k  at  expandsd>)e  structures  in  tlie  first  piac*. 
There  are  four  major  advantages  as  sliown  on  Figure  2, 
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INFLATABLE  STRUCTURES  IN  SPACE 


ADVANTAGES 


PACKAGING  ABILITY 

.-•y, 

EASE  OF  ERECTION 

' 

LIGHT  WEIGHT 
OVERLOAD  RECOVERY 


Fici  re  2 

First  of  nil,  us  Im.s  Wren  inentionefl  several  times,  the  paekn|ring 
ability.  We  have  a inillion  hitifres  built  into  it  ami  we  haven’t  had  to 
|iav  for  them.  N’ormally,  wlien  we  make,  a hard  structure,  if  you  put 
a iiin^e  in,  it  costs  you  extra  weight.  We  don’t  need  any  kind  of 
actuators  or  cams  or  anytliing  like  that.  You  put  the  gas  to  it  and 
it  elects.  This  is  simplicity  ami  results  in  reliability.  What  we  are 
talking  alaiiit  is  sjiace  reliability  liecause  we  aren't  up  there  to  s«*e  it 
usuallv. 

Ijignt  weight.  This  Is  one  of  the  factoi's  tliat  iisiniliy  surprises  most 
people.  In  the  aircrafl  lield  where  weight  is  such  a piTiblein,  it  is 
usually  very  iliflicult  to  do  anything  that  wilt  save  ."i  [HTceiit  in  weight. 
In  our  applications  sometimes  we  talk  alMnit  saving  Sftt  percent.  This 
is  a very  lai^e  factor  and  an  imjiortaiit  one. 

There  is  nothing  magic  or  secret  ulsiui  it,  )Ve  aren't  varying  any 
basic  fundamentals.  'I'he  reason  that  we  can  usually  go  to  tb'ese  extni 
light,  weiglit.s  is  tliat  we  can  make  pnu’lical  structures  of  very  very 
small  dimensions  which  are  not  pos.silde  out  of  normal  shret  metals. 
If  vou  got  the  metals  down  to  those  dimensions,  they  would  l)e  foils 
so  delicate  that  they  would  Ik*  hard  to  fabricate. 

The  last  factor,  overload  iTcoveiy,  is  the  kind  of  thing  ihat  is 
helpful  to  the  engineer  who  works  in  this  Held.  Any  time  a man  tie- 
signs  a .structure,  he  has  to  anticipate  how  big  the  loads  are  gtnng  to 
Ite  that  he  is  going  to  encounter.  Nature,  tloesn't  always  play  iu  his 
favor,  and  once  tn  a while  he  encouiUet's  a loatl  that  is  greater  iliaii 
what  he  antic.ijiates. 
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In  norimil  structmvs,  if  ymi  jiei  a loud  lliiit  is  tw  lurjri*.  I In*  sltnii'* 
tmt>  will  (’olliipse.  In  tin  expamltible  stnuTuif  wliiu  luip|M*iis  is,  in- 
stwul  of  colhipsiiifr,  you  ffpt  wlnil  we  rail  im  excessive  deflection,  it 
Umds.  When  the  loud  is  taken  otf.  it  can  stniijrliten  out  and  Ih>  tis 
jr»M)d  as  new. 

These  are  oiir  advanlti^es  with  lliis  type  of  si  nicture. 


THE  AIRSHIP  STORY 


Tlie  reujson  for  showing  i lie  pictuiv  ( Fijrur<?3)  of  tht* aii'Hliip„  \vlii<‘h 
is  not  mvessiirily  u spurt*  iknn  l>m  <*oulcl  I»e  i*elu<erl  to  it  in  timi  wo  have 
iili'eiidy  exumiii(»d  this  for  riirrving*  very  lurm*  iKjostri's  ami  find  yon 
run  do  tliis  willi  im  tui-sliip-t  v pe  vehirle.  Another  mison  for  sliowintf 
this  is  tliiit  size  is  not  I'euliy  a dillicuit  proldeiii  with  an  expandable 
st  iui<‘t  lire. 

'riun  car  that  yon  S4*e  iiiulerneath  the  uirs)ii|)  is  alKnit  the  size  of  a 
mitnl  size  airplane*  \*m  nm  see  how  tniieh  larger  the  envelope,  wliieh 
is  an  expandable  struet  urejs, 

AATien  we  talk  ulamt.  spare,  we  are  talking  alwait  aj>plirai ions  that 
usually  I'eipiires  very  hirire  strurtur'es.  Ami  when  we  talk  alH>ut  an 
expandable  sti'iirtuiv,  a larfie  structuiv  shows  fjrear  advanta^^>. 

l,el*s  show  the  niovie  here  of  a tyinral  aii"ship  in  Hiffht,  This  will 
l)e  the  of  several  Itrief  movinjr  picture  exainples  of  expandablt^ 
st  rurtui^ps* 

(Movie  shown  of  ait'ship  l)ein^  nu>ve<I  from  air  dfM;k  and  in  dipcht,) 


w 
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TAILORED  EXPANDABLE  STRUCTURE 


Fuu'kf:  I 


Dr*  liosK.  [jeavin^  the  airship  for  a moment  and  looking  at  one  of 
I lie  liasir  elmruelerist  of  ex|iamhible  nul  figure  4*  sliows 

that  we  put  tile  coi‘ds  tiial  I hose  nialerials  are  matte  nf  in  the  diret*- 
tion  we  want*  This  is  a major  advantage  over  slieet  metal  ronslrue- 
lion  where  you  ha\e  tlie  same  stiriigtli  ami  weight  in  all  direct  ions, 
whetlier  iTtpnnKl  oi^  nut.  If  we  have  a l>ig  load  in  tuie  divert  ion,  we 
can  pul  lots  of  efu'ds  ot*  lietivy  unes  in.  If  vve  have  a sum  1 1 load  in  ttiis 
direct ioiu  we  can  put  few  cords*  This  gives  us  the  advantage  of  only 
nuiting  into  the  material  the  material  you  uetually  need  to  cariw  ihe 
load.  Don't  cat  it  anything  you  don't  iieiMh  [|  gives  us  tlie  nppur* 
t unity  of  making  iliesc*  liglit  weights  i hat  we  talked  a I amt* 

Alsf>,  everyUidy  knows  if  you  make  a sphere,  a pressnrixetl  stniC' 
tnii%  where  you  luive  pi'i'ssui'e  in  tlie  ('enter  and  c^arry  all  the  material 
around  the  outside,  this  is  otie  (d  the  lightest  sliMauiuvs  yon  can 
sibl  V make* 

T^he  airship  is  a body  of  revolution  of  this  type* 

We  attach  the  car  to  the  liottom  ami  distrihute  its  load  into  the 
enveloj^e  by  catenaries  attached  to  the  top*  Actually,  you  will  find 
that  we  have  pulled  down  on  the  envelope  in  fbos4*  timis  to  take  tlie 
high  load. 

If  wo  carne<l  that  over  a wide  span,  you  would  liml  we  could  pul! 
veiT  hard  on  the  top  and  bottom  and  get  to  the  sluipe  shown  in  tlie 
lower  part  of  Figuit'  *^,  and  have  what  you  might  consider  a flat 
aii'ship* 

Ijet's  consider  that  you  might  take  this  and  pm  an  infinite  number 
of  coiiiiec'tions  in  there,  ami  you  olilain  a piTssurized  structure  tliat 
hius  what  we  call  drop  tlu’tmds*  This  gives  you  flat  structures  so  you 
don’t  have  to  be  limited  to  rmiml  stnictures*  cylinders,  or  tonis-type. 


PRUJKCT  MERCrKV 


UdU  uimI  tii*v^*l(i[MjK‘ni.  !U»*l  fiir  *'onsi  nirt  iim  uml 

Iviirly  in  lisetil  yvnv  UMii^,  ( \m^^res>  wn>  rliiit  X.\>A 

t*»  t t‘?mslrr  .S 1 r»  inillSnn  h'uni  nmi  Ji|ipr  oprial  um 

tt*  <*<inst N»n  aiiil  i^^jui [>rm*nf  lor  I’ousi  rtirMiih  nf  tlii*  *SKM**‘in'v  uvi 

wdi'k*  TIh‘  liM'ul  vt'sir  llnii » tijxuri*?'  n‘tlt*rt  rlii^  i raii>irr* 

Kui'  tist’ul  Vi*nr  IdflK  lla^  ruri'rrii  nlhn^unnu  nf  t'nihl^  1>  Id.tiriljiun 

for  ivst^an'ii  and  ilrvidnpinrhi , and  millitiit  tor  !<jn  iirMl 

Wjuipinriit*  A jV4jm*^i  for  S7 J,’J4ri,uou  \<  lanTtMitly  t*onhMJU‘<l  in  llir 

NASA  nnt  lun*ii^,ai  ion  iv<|iii*^t  foi-  lisrnl  yt»:ir  sn*(iim  on 

Minriiry  fmnlin;^' prrjjrrls a inial  tUndiMir  I'rtjiurniirjn  ihronifh 

lisral  vrnr*  HMy  of  million.  Tha  validifv  of  llii'^  li«''iirr  is  "iilijor* 

# ■ ' 

lo  tlir  sunivss  of  luriMinf^  ilir  Mi^flit  dtnt\s  ami  i*oii!ii  iiii  a> 

(ii^h  :ls  luillloii  in  flm  astinmtion  of  rlu^  ronimitim  siiill* 

117, y Itttfft  ffi  spi/rr  / 

In  tin*  pas4t,  mims  sidrnlili<'  am)  trclniii^al  knowftnlp'  was  limitrtl 
liy  I ha  fad  lliaf  all  of  his  ohsarvatiems  won*  nimla  ait  liar  frmii  ilia 
l^hirllds  sur'fari\  of  from  within  iha  ICaiTh‘s  aMiais|>hm*.  X*^\v,  man 
fan  snul  liis  nn*nsinin<r  r(jiii[nm'iii  on  salallirt^s  hayoml  iha  KarthV 
at njosjdito’a,  ami  hitf»  spare  heyiiml  the  Moon  or  lunar  ami  phnietarv 
pt‘oin*s,  I'lu*  iKMielits  to  rmiin  that  have  heim  derived  from  liaise  initial 
\entnres  ill^^^  s|mrr  are  lo(»  tiiMianons  to  he  recounted  hert^;  liiir  the 
^^\[^lonllion  of  s[mi'i%  in  its  trne>t  sense,  will  he^in  only  wheri  tmiii 
Idmstdf  rah  part  ir! pate  dire(*fly  in  f his  eX] thn*:il  iorn 

Man  is  destined  lo  [day  r»  vital  and  iiireet  nde  in  the  exfiloi'a!  i,m  of 
tile  Moon  tnal  ihe  [damas.  In  this  iv^ard.  it  is  not  easy  ifM'onrvi v*i* 
tlau  iiistrmmmts  run  he  dt*ris<Ml  that  run  efferiivelv  and  retiatdv  do 

fe  h 

plieufe  man's  role  us  an  eX(di*ret\  u ^enloj^ist,  a "Urveyoiv  u |dioto«;ra* 
(dier,  a eljemist*  a hinlo^^i''i*  a ]diyshnst,  or  any  of  a host  of  other 
s|H‘ria lists  whose  tulem<  would  l»e  needed.  In  all  of  theM*  araais,  man's 
judjjTinenf , his  uldlity  to  ohserv'e  uiid  tt>  ivasotn  and  Ids  derision 
mukin^*^  rupiddiil ies  ate  t'l^qiitred,  ( )idy  man  ran  rn]u‘  with  the  iiiii*x- 
perteil:  and  the  mn\\per*ted^  i*f  r^ourH\  is  the  most  imtuvsiiny:, 

like  sihireh  for  ext  i'll  lernvst  ritd  lif</,  for  i list  a lire,  is  a [jpeddiun  of 
f,)niiifhihle  iUlhnilly  for  [nii  e instnimeniatlon  systems,  tlmt  is  miu  h 
more  1‘usily  wiildn  (In*  s<*o]»e  of  man's  abilities.  Keen  in  more  [irtisuie 
(*ndea VfH's  surli  us  |>hoio^n'upliy,  it  is  extremely  I'hallen^in*!  to  i|ii]di- 
rate  nmn's  uhilily  in  selerl  pertinent  sidjje('t  niaiter  and  ojitumim 
pliotoj:raphir  Jiiethods.  to  fcnais  and  rhoose  the  most  jmditahle  in- 
si  imt  ft>r  exposure,  to  rei-o^liize  that  It  is  viesv  Is  ohsinirfed,  oi*  even  to 
note  I luH  1 he  lens  1ms  hermue  dirty, 

< 'loset*  to  Kui't  li,  innii's  st>eeial  ahilit  ies  woilM  he  einf>hwed  in  nmniied 
orbit s]*are  hd,oratotnes,  or  spatv  stations.  Man's  ohsi*t'vui ionah 
amilyi  i(ail,  and  funel  imial  ra|*:ihilii  ies  ean  proviileim  advantam*  in  ihe 
rimtliirt  of  a of  inel  eoroh>^5rah  roiuiumi  ii'ul  Ion,  lirtmdrsist  in^, 

tlmp|>in^^  ant)  seaiidi  m‘livitie?'  in  orbit  itiif  vehirle>*  (Irbitiu;^  lalwira’ 
tones  will  also  (lenidt  the  in  vest  i^Tul  iim  ami  pronf  test  inn  of  vehii'tdai' 
eiMiiponetits  and  ot»ei  at iri_LMeidmit[ne>  I'equiivd  foidhe  ilevehqmient  of 
Ollier  advuiired  sjuu'e  vehitdes  ami  liussitm^,  (If  note  in  this  an*a  are 
the  evuliinlicm  of  inirrninett*orire''  ami  ludiation  dama^ft*  to  tna* 

tenuis,  file  devfdo|m)eiu  of  spat'e  [)ro|H)lsioii  systems,  lht‘  study  id 
spareenifl  ereetion  aiid  eoiisi ,‘n<aion,  tire  i ti vest i^a lion  of  remle/vons 
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EXPANDABLE  STRUCTURAL  FORMS 


I iraKh  fi 

One  of  the  l)reuktlm)iifrl^s  we  had  was  the  dBvelo|>inent of  a inaferial 
called  AiiTnat,  which  is  nuule  f)ui  of  this  flat  stniclnrc  ns  shown  in  the 
up]i>Br  side  of  5,  This  is  a (ypinil  flat,  panel  with  tho 

lunnber  of  thi*ea<ls  in  hetween  it.  When  you  [>ut  pressui'e  in  it,  it- 
doesn't  go  to  a sphere  Imt.  is  flat*  We  tliis  AirmaU  When  you 
put  pi^essux-e  into  thenn  the  tlireads  pit*vent  llie  pieces  of  cloth  separat- 
ing inoi'B  than  the  dimension  of  the  tlimids. 

We  were  able  also  to  take  these  and  actually  shape  the  structure, 
that  ts,  change  (lie  lengihs  of  the  dmp  thre^uls  so  %vnen  you  inflated 
this  Ijody  you  would  Iiave  au  air  foil-shuix>d  device*  See  Figui^e  6* 

This  shows  how  we  went  fmni  the  catenary-tyiie  arrangement  on 
tlie  aii'ship  and  to  tlie  drop  thread* 

Frankly,  the  sampler  we  are  showing  you  are  nothing  but  pieces 
of  (*arpet,  made  *m  a carpet  loom  and  nonimlly  they  make  these  out- 
side surfaces  veiy  dost*  together*  To  make  carpet  they  cut  the  drop 
thix»ads  to  make  the  plush  surface*  In  oin*  api>I illations,  we  coat  the 
surfaces  to  make  them  gas  tight,  seal  the  edges  and  pressurize  inter- 
null}"  to  make  ji  rigid  striK^tuit^*  This  is  nothing  more  than  an  I-l>eam, 
if  you  might  visualize  it,  as  shown  in  Figure  0,  With  pressure,  you 
get.  tension  in  the  siiidaces  and  you  have  an  Idieam  with  the  weG  of 
the  I-heain  essentially  weighing  notliing* 

It  is  diftii  ult  to  get  material  lighter  than  this*  This  is  why  we  look 
at  it  as  one  of  the  world's  lightest  structuml  materials.  It  wflt  remain 
still  and  hard  as  long  as  you  maintain  pressure  in  it* 
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As  I nienlioninl  eiirliei*^  \vp,  iu*tuiil1y  wt'ro  n\Av  lo  tnukt*  siii  Mirfoil 
sIulikhI  body  on  llu'se  I(k>jjis,  AVo  set  the  IcMims  with  s|)ecial  gaufje 
blocks  ill  them  and  ins(i^ul  of  (“iirpei^  iiml  we  said,  “We  want  a spcc^i- 
lied  nuiuherof  yaixls  of  XAt'A  OOlo  wings(  ructinv/' 

To  show  that  we  conhl  do  ( hings  ami  make  them  useful  in  this  way, 
we  iK^tually,  in  working  witli  I lie  Navy,  OXK,  ilerided  we  would  make 
a ivs4Hie-type  vehicle  as  shown  in  Figure  7. 

The  idea  behiml  this  was  tliat  we  would  trv  to  make  it  as  small  as 
possilile.  if  ii  pilot  is  down  in  some  hostile  territory,  yuti  could  (ly 
ov^er,  dixip  tliis  package  to  him,  and  some  iiai*k  night  he  could  turn  a 
valve  and  he  would  inflate,  start  the  engine  ami  Hy  Ixick  to  his  own 
base. 

To  make  an  airplane  like  this,  we  haxl  to  make  what  yx>u  would  call 
bmiktliroughs  in  ttie  slate  of  the  art  of  struct uivs.  We  wei’o  aide  to 
make  wings  of  this  nirplnnt'  f>f  one-lenth  of  tin*  weiglil  fd  n f'onven* 
l ional  stmcture. 

We  luive  a shoil  movie  now  of  one  of  these  little  airplanes  so  you 
can  gel  some  idea  of  its  ilesigii  and  fliglu  clmnict eristics. 

We  made  this  one-|dace  plane  for  tlie  X"avy*  The  Army  asketl  us 
to  make  a t wo-pluce  jihiiie  fm*  them, 

(Movie  shown  of  Inflatoplanc  being  unpac*ked  nnd  flown.) 

I)r.  Ktiss.  The  next  slides  cover  some  of  our  work  on  ^pace  stations. 
Since  this  field  cove's  everything  fmm  mideniejith  the  si*a  to  in  tlieair 
and  off  into  space  uiul  the  spai^e  fiehl  in  what  we  ai't*  talking  about 
halay,  \ve  Ijave  ilivided  our  exjiandible  stni<-tuit\s  iiilo  three  amis: 
Tlioso  that  m|uii‘e  huge  st rengths-IigVit  weight,  sucli  lus  a space 
station,  thosx^  items  lhat  eiU'Oifnter  high  tiMuperat uivs  such  as  some- 
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INFLATOPLANE 
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t hinj;  you  would  use  for  iv-rnt  i‘y  into  ( he  at  inosj>lu*rc,  atul  finally  thoS(‘ 
items  tlmt  are  vei-j'  veiy  lifjlit,  in  weight,  Imt.  dotj‘(  have  tot  alee  any 
big  loiids.  T^sually,  you  want-  the  light,  weight  struct  tires  very  ac- 
curate in  shajje,  such  as  ti  gigantic  solar  collector. 

j\t  this  time,  1 would  like  to  introduce  .Mr.  Madden,  who  will  give 
yt)U  a little  discussion  on  this  particular  type  of  space  station.  Then 
I will  ltd  uni  to  cover  the  other  two  ,st  rti<‘t  tires  fields  of  applications. 

STATEMENT  OF  ROBERT  T.  MADDEN.  MANAGER.  ASTRONAUTICS 
SALES.  GOODYEAR  AIRCRAFT  CORP.,  AKRON,  OHIO 


.Mr.  .M Aitnax.  Figure  s shows  what  we  might  consitler  an  advttncetl 
space  vehhde,  a Inrgi*  toroidiil  arraiigpincm,  llin‘c  tier-tVT>e  coiv- 
sl  fiict  ion. 

Figiiiv  It  sliows  a con  figuration  wliich  is  ninn>  reitresentative  of 
the  type  of  work  that  we  are  doing  tmlay  with  the  Langley  Hesearch 
(’enter,  whicii  .Mr.  Loft  in  reviewed  earlier. 

Vnu  can  see  here  we  have  ttiken  a Imik  in  our  conligut‘ul  ion  evalua- 
tions at  two  jKtssibilii ies  tif  how  expamlabte  stnicnm*.s  might  he  used 
in  a space  vehicle,  and  in  liie  uojmm*  left  huml  side  for  comparison 
have  shown  a configiiratinn  wliich  might  In*  a metallic  cylinder,  pos- 
•sihly  the  final  stage  of  n latoster. 
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CONFIGURATION  EVALUATION 


Figure  ^ 
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RENDEZVOUS  FEASIBIUTY 
GRAVITY  SIMULATION 
GROWTH  POTENTIAL 
MAXIMUM  VOLUME  PER  POUND 
VERSATILITY 
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Our  studies  liave  sliowii  thixl  the  problem  of  gravity  simulation, 
if  this  is  an  area  of  oonceni,  oan  probably  be  best  liamlled  u'iib  a 
toroidal  arrangement  and  that  this  type  ot  structure,  using  some  of 
(lui  principles  tliat  Dr.  Hoss  explained,  can  be  made  a minimum 
weight  for  the  desired  volume.  The  I'esearcli  work  that  we  are  pres- 
ently doing  with  the  Ijatigley  He.s<‘arcli  Outer  is  being  directexl  at 
getting  the  optimum  type  of  material  for  this  type  of  configuration. 

On  P'igure  10,  we  show  a xaunjiai’ison  <»f  some  of  the  expandable 
space  station  configurations  that  we  have  been  investigating. 

The  til's!  is  a one-man  ‘24-foot,  diameter  cotifiguration,  identically 
that  configuration  that  Mr.  Loft  in  <lescrihed  and  as  represented  liy 
our  model  which  I want  to  describe  a little  later. 


BOOST  WEIGHT  DATA 


fipOOnAtAi 


WEIGHT  BREAKDOWN  (LB) 

STATION 

•MISSION 
( DAYS) 

CAPSULE 

POWER 

LAUNCH 

TOTAL 

t-MAN 
(24  FT) 

14 

3.344 

3.432 

1.005 

7.781 

3-MAN 

(SOFT) 

14 

3.500 

3,090 

1000 

7,590 

10- MAN 
(100  FT) 

35 

6.596 

8.018 

7,500  t 

22.114 

10-MAN 
(200  FT) 

35 

6,596 

9.128 

6,300^ 

22.024 

10-MAN 
(400  FT) 

35 

6.596 

10,798 

5.100  ♦ 

22.494 

# INCUIDES  MISSION, Life  SUPPORT. AND  ELECTRONlt  EOUtPMENT. 

INCLUDES  LAUNCH  AIRFRAME  WEIGHT, 
t 25  KW  ELECTRICAL  SYSTEM, 
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We  have  also  looked  at  a tliree-mau,  TiO-foot  diameter  space  station. 

I think  an  important  thing  to  note  Iiere  is  that  the  total  launch 
weight  of  (he.se  vehicles  is  of  the  order  of  T,r»0()  to  8,(100  pounds,  which 
is  well  witliin  tlie  anticipateil  capability  of  the  (’entaur  booster. 

The  concept  in  the  fii'st  instaixa*  would  utilize  the  .Mercury  rap.sule 
as  the  re-entry  vehicle,  and  you  can  see  it  is  identified  as  a one-man 
station. 

Ixioking  at  later  capabilities,  we  also  show  100- foot  diameter,  200- 
foot  diainelei-,  and  4o0-foo(  diameter  stations. 

It.  may  he  of  intei'est  that  for  the  exact  simulation  of  gravity  that 
we  have  liere  on  Karth,  a 400-foot  diameter  space  station,  rotating 
at  njiproximately  4 r|)in  gives  the  one  g simulation. 

Figure  11  shfiws  a concept  of  a tliree-inati  station,  using  again  the 
same  principles  of  an  inflated  torus. 
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IIei*e  u Imllistic-type  nose  rone  iind  re-entry  v'etiicle  would  also  be 
the  center  hub  aiuh  as  bif>ught  out  in  some  of  the  earlier  discussion, 
the  space  station  would  I>e  boosted  in  the.  packaged  configuration 
within  the  nose  cone,  as  an  integral  unit.  After  (lei)loyinent  of  tlie 
spac.e  station  in  the  space  environment,  the  crew  could  move  out 
tnroiigli  the  spokes  into  the  workiiig  struct  ni’e* 

Figui-e  12  sliows  tlie  typical  deployment  sequence  for  this  type  of 
vehicle. 

As  yon  can  see,  in  the  lower  left-hand  side,  completely  packajred, 
the  inflata!)le  components  mate  nicely  with  the  booster  conhguration. 
After  deployment,  the  pi'essurized  simce  station  assumes  the  toroidal 
shape.  After  comiiletion  of  the  mission,  tlie  capsule  can  l>e  separated 
and  programnied  tor  I'e-entry  and  recovery  in  this  instance,  much  like 
that  recently  accomplished  with  (lie  llercury  capsule. 

Figure  V\  shows  the  launch  configuration,  which  is  i>erhaps  better 
described  l)y  a movie  which  we  can  show  now  of  the  buildup  of  an 
exjuindable  con  (igu  rat  inn. 

(Movie  shown  of  space  station  model  launch  luid  deployed  con- 
figurations.) 

Mr.  Maddk.v.  Starting  with  the  basic  Atlas  booster,  as  shown  here, 
then  comes  an  Intel's! age  fairing,  the  attachment  of  the  (\mtaur  stage, 
and  finally  on  top  of  this  the  mission  module,  as  we  term  it,  which 
would  enclose  tlie  packaged  inflatable  space  station.  This  is  attached 
to  the  Mercury  capsule  configuration,  much  as  it  is  presently  designed 
toiiav, 
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ASCENT  AND  RE-ENTRY 


DEPLOYMENT 


SIAVQH  m ORBIT 


-CENTAUR  SEPARATION 


TOWER  SEPARATION 


ATLAS  SEPARATION 
LAUNCH 
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LAUNCH  CONFIGURATION 


MERCURY 

CAPSULE 

S«CC 

STATION 

MODULE 


CENTAUR 

booster 


w 
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orbital  altitude 

ORBITAL  INaiNATlON 
LAUNCH  WEIGHT 
CREW 

MISSION  DURATION 
ABORT  SYSTEM 
ESaPE  AND  RE  ENTRY 
RECOVERY 


• SOD  NAUT  Ml 

- 38  5 OEG 

- 304,000  LB 

- I MAN 

- UP  TO  14  DAYS 

- MERCURY  SYSTEM 
' MERCURY  SYSTEM 

- MERCURY  SYSTEM 


I'll.LMl  13 


I 


34  INFLATABLE  STRUCTl'RES  IN  SPACE 


rUR  FiF  I L 


Here  a l)aliii5tie-ty|H'  nu*se  voiw  and  le-entrv  vehicle  would  also  Ih' 
ihe  (‘-enter  huh  and,  a«  hi^ou^rht  out  in  some  of  the  earlier  discussion, 
the  space  station  would  Ijp  lMx>sted  in  the  packafjed  configuration 
wit  Inn  the  nose  cone,  as  an  integral  unit*  Afler  tleploynient  of  tlie 
space  station  in  the  space  environmeni,  the  civw  could  tnove  out 
through  thes|jokes  into  t lie  working  struct iiiv. 

Figui'e  12  shows  tlie  ty[>ical  deployineiif  s(»queuce  for  this  tyiM^  of 
vehicle* 

As  you  can  see,  in  the  lower  left-Iiand  side,  (*ompletely  packaged, 
the  inflatahle  cnrnjKuients  mute  nicely  with  the  hcMister  conhgunition* 
iVfter  deploymetit,  the  pi\‘ssiirized  space  stafion  assumes  the  toroidal 
shape*  After  coinjiletion  of  the  mission,  the  capsule  can  he  separated 
and  piogiammed  for  iv-entrj^*  and  m^overy  In  this  instance,  much  like 
that  recently  accomplislied  witli  the  Mercury  capsule* 

Figure  IS  shows  the  launcli  configuration,  whicli  is  perhaps  better 
descu'ibed  by  a movie  which  we  can  show  now  of  ilie  buildup  of  an 
expandable  configuration, 

(Afoyie  shown  of  space  station  nuKlel  lumudi  and  deployed  con- 
figurations.) 

Mr*  il.vnoEX*  Starting  with  the  basic  Atlas  boaster,  as  sliown  here, 
tlien  comes  an  interstage  fairing,  the  attachment  of  the  Centaur  stage, 
and  finally  on  top  of  this  tlie  mission  module,  as  we  term  it,  whicli 
would  enclose  the  packaged  infiatable  space  station.  This  is  attached 
to  the  ^^ercury  capsule  configuration,  much  us  it  is  |n*esetitly  designed 
todav. 
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ASCENT  AND  RE-ENTRY 


DEPLCrrMENT 


STATKm  IMOneiT  leave  orbit 


CENTAUR  SEPARATtON 


ORIENTATION*  RE  ENTRY 


RECOVEffy 


LANDING 


TOWER  SEPARATION 

ATLAS  SEPARATION 
LAUNCH 
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LAUNCH  CONFIGURATION 


MCRCUNr 

CAPSULE 

"SWCE 

station 

MODULE 


CENTAUR 

BOOSTER 


CVJ 


ORBITAL  ALTITUDE 
ORBITAL  INaiNATiOR 
LAUNCH  WEIGHT 
CREW 

MISSION  OURATION 
ABORT  SYSTEM 
ESCAPE  ANO  RE-ENTRY 
RECOVERY 


300  NAUT  Ml 
28  5 OEG 
304.000  LB 
I MAN 

UP  TO  14  DAYS 
MERCURY  SYSTEM 
MERCURY  SYSTEM 
MERCURY  system 
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Our  studies  of  this  configuration  liiive  shown  that  tlie  payload  of 
the  paokapod  space  station  and  the  re-entry  vehicle  are  well  within 
the  limits  of  the  Centaui'  booster,  that  is,  the  payload  CG  position, 
and  the  total  weipht  are  coinpatiide  with  the  booster  capability. 

For  lliat  reason  we  have  no  redesipn  on  the  booster  to  put  such 
a space  vehiide  into  orbit. 

Perhaps  I can  descriiie  tliis  better  by  going  actually  to  the  model. 

Gan  we  have  the  lights,  please? 

FTere  we  have  I he  nioilel  that  you  saw  in  the  movie.  ( figiirp  14. ) 

Vou  can  see  that  the  mission  module  and  Mercury  capsrde  would 
1h^  launched  in  this  con  figuration. 
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Then  going  to  a sliglvtly  different  scale — excuse  my  back,  please — 
the  Mercury  capsule  would  Ix'  integrated  with  the  center  hub  and 
tlieu  this  section  inflated.  In  this  instance  the  *24-foot  diameter  unit 
would  come  out  of  the  sjiace  station  packaged  module, 

I think  it  is  significant  that  the  type  of  construction  tliat  we  are 
using  here  is  a rtitlier  recent  development  in  that  we  have  gone  to 
(he  filament  cage  that  Mr,  Tjoftin  touched  on  earlier,  and  it  has  given 
us  I he  capahility  of  going  to  virtually  unlimited  diameters  in  the  torus 
construction  without  any  I’eal  <‘onceru  for  the  tooling  problem. 

M'e  have  here  a paper  model  whieli  shows  this,  although  simple, 
ill  fairly  vivid  terms,  in  the  type  of  arrangement  that  we  can  go  to  with 
a filament  cage. 

The  filament  cage  would  lx*  basically  designed  to  hold  the  toroidal 
structure  that  is  required  for  the  design  pressing. 

Figure  15  is  a photograiih  of  the  bladder  internal  construction, 
which  would  lie  tlien  the  |)ressiire -sea ling  member  of  the  structure. 
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mu\  the  detailed  nsst*ssinent  nf  the  lon^-durathm  eapahih 
Uie^^of  nmri  in  n weight le,ss  envirfimiierit. 

The  initial  step  in  providing  l lie  cn piLhilities  fnr  the  numned  ex|)Inr'a* 
tion  of  spare  is  Projert  Menniry.  This  projert  is  ilesi^zned  to  put  a 
miinned  satellite  into  tin  orbit  more  than  miles  ulaive  the  Hartirs 
surface,  let  it  riiide  1 ln»  ICarfh  fliiw  times,  and  brinp  it  l»at*k  safely, 
Krcnn  Proje^a  Memiry  we  expert  to  leai^n  liow  man  will  rearl  in  a 
spare  environment,  wlial  Ids  rapahilities  will  he,  and  wlm!  must  lie 
providtHi  in  future  iminned  sparecraft  to  allow  man  to  fn  net  ion  use- 
fully, Surh  knnwiedjre  is  vital  Indore  man  ran  purtiripate  in  othm\ 
more  di  (lieu  It,  spare  niissinns. 

Hut  the  determinntifni  id  niartV  I'apabtlif ies  in  a spare  enviivinmeiit 
is  only  one  of  t he  Inm^Hts  that  will  Im*  derived  from  Projert  Memii'v. 
Of  e(]iial  impoilani'e  is  flie  lerlmiral  knowledge  Udn^  piiiied  liuriii^ 
the  design,  rtmsf rnrtion,  ami  operation  of  the  first  vehi<*le  s(>erilirally 
enjirifieered  for  manned  tliizht  in  spaia\  Tite  iirroinjdislnnent  cd 
Projert  Mei'rury  will  mark  a tremendous  step  forward;  iimirs  v^eii- 
tnre  intr>stmre  will  immeasurably  extent!  the  frontiers  of  flight.  The 
S|?eed  of  lliglit  will  U"  inrreasiMl  by  a fart  or  of  eight  over  [n  esent 
arhievernents,  and  the  altitude  by  a fa<*ior  of  five;  tlie  environment 
enrourttemi  in  spare  Higlw  will  Ik*  one  tliat  lieietofore  has  not  even 
been  ap|>rimrhed.  This  extension  of  the  flight  etjveiojie  has  re<piired 
major  terhiiiral  advunremeiifs  in  many  diverse  Helds  inrlmling  aero- 
dynamirs,  biotechnology,  insf raimenlntion,  (^ommimirations,  uttitmle 
(*ont  roi,  environmental  i*oni  rol  ami  higli-sjieed  pararhute  development, 
to  mentioii  onlv  a few,  Uv  its  verv  advanretl  nature,  therefore, 
Projert  Merrurv  has  opeiiei!  the  dooi'  for  fntut'p  manned  s])are-Highf 
[urograms. 


^ > riff  i n o f proffrif/n 

The  genesis  of  the  Xnt ion's  manned  spa(*e-Hight  program  dates 
bark  to  resea ndi  and  study  ert'or-ts  rari  ietl  out  in  11*5(5,  1S*57.  and  11^5K, 
In  those  years,  stmlies  were  made  by  the  National  ,\dvis^)ry  t Vmmiittee 
for  Aeronaut irs,  prederessm^  of  the  National  Aeronautii's  and  S|>at'e 
Administration,  and  l»v  earh  fd  the  military  servit'es,  A detailed  de- 
srri]>tion  cd  these  early  stiuly  programs  ran  be  found  in  House  Kejjort 
No,  entitled  “I^mjert  5Ierrurv — Fii'st  Inteiitii 

Kej>ort  <d  the  ("oiiiniittee  cm  Srienre  and  Astrinmiitirs, 

In  August  195H,  tlie  Pivsidenr  assigned  file  ivsponsibility  for  the 
nmntied  (light  progr‘am  to  NASA,  wlnrh  by  that  tinie  Imd  lanai  estah- 
Hslied  by  law,  though  it  had  not  yet  het'oine  an  opei^atirig  agein\v.  At 
that  time,  tlie  earlv  work  on  the  ra|)sule  rom*e|>t,  the  painstaking  amib 
ysis,  design,  development,  ami  testing  of  shujies,  Innl  (jrogi'esstHi  lo 
tlie  f)oim  where  on  August  1,  ll*5s.  Dr,  Htigii  L,  l>rvdeiuthen  Director 
cd  NA(’A  and  now  Deputy  Adminisnator  of  NASA,  whs  ready  to 
present  to  fhe  Seleca  ( 'omimttees  of  the  (\mgress  on  Astronautics  and 
S juice  Kxj)Iorut  ion,  a program  wliirli  he  tndled  fef’tmology  of  manned 
spa<*e-flight  vehicles.  Dr,  Drydeirs  teKtinmnv  irtrluded  tiie  folhnving 
statement:  ‘'This  progi'ain  that  we  are  talking  al>out  \vill  lend  to  a 
man  in  space  in  sometliing  of  the  order  of  *2  to  3 veal's,  dejumding  on 
how  mnrfi  luck  you  have  with  it/‘ 

Although  the  res[>onsibiUty  for  the  manned  spiire-Hight  program 
was  assigned,  in  1958,  to  the  National  Aeromintic^s  and  Space  Admin* 


Heiau't,  a >taff 
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It  is  impf>rt«iit  lo  iif^tp  ifi  this  con  Him  rati(>n  iiumy  of  the  components, 
sudi  Its  bntiks,  uml  otlier  nMinired  e(iui|mient : work  fables,  work  stunds 
could  also  U*  of  ihe  intlufable  type  of  const rnctioiL  An<l  these  then 
lend  themselves  (o  Bimilai’  pafdvnfr’mfr  and  lijirht-wei^rhl  capability  in 
the  huiiK^li  couti^n  rat  lean 

Of  coui>se  there  is  the  (piestifui  asked,  wluit  tlo  we  see  in  lof^kinjr 
at  the  early  aval  lain  lily  of  a space  veliicle? 

Fiprure  H*  siimniari/ies  some  of  these,  AVe  find  the  approach  we 
are  discnssiii^  hei“e  with  iht*  t<n‘iis  conliijnratlon  lemis  iLself  directly  to 
studies  of  artititdal  ^n^avlty  sinndatiotn  It  ^ives  us  a workitt^T  lalxtru- 
tory  wlten*  we  can  invest ijL^ate,  as  on  a test-lied  basis,  the  performance 
of  li fe*siipport  systems,  auxiliary  power,  nttihide  (‘ontrols,  and  ii 
irovifies  a very  natural  testdn'tl  for  such  pcfiL^nutts  ns  tlie  earth  ot'lnf- 
n^i  Inlionitory  that  is  one  of  the  consideruti^ms  in  the  A|)olln  phuiuiii^r, 
as  well  as  lln^  .Military  Test  Sj)a<‘e  Station  which  the  Ait  Force  is  now 
consieJerinjr. 

Fipuit'  IT  sltows  a picture  of  ilie  center  Siub  of  a 3^1-foo(  diameter 
unit  that  we  are  Imilflin^r  on  corporate  f unds  ut  fioodyeai',  'Fhls  unit 
will  lie  assembled  with  tlie  *10-fnot  torus  sliown  in  Ftirure  la. 


/ ;}¥*/  jij 
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ORBITAL  MISSIONS 


An 


0£TERMiNE:  SURVIVAL  REQUIREMENTS 


• GRAVITY  SIMULATION 

• 

WORK -REST  CYCLE 

• PSYCHOLOGICAL  RESPONSE 

• 

PHYSIOLOGICAL  RESPONSE 

EVALUATE  SYSTEMS  AND  EQUIPMENT 

# WASTE  COLLECTION 

• 

ATTITUDE  CONTROL 

• LIFE  SUPPORT 

• 

ON-BOARD  POWER  PUNT 

[ CONDUCT  TEST  PROGRAMS 

• TEST  BED  FOR  ADVANCED  SYSTEMS 

• 

MATERIALS  AND  SYSTEMS 

SCIENTIFIC  TESTS 


rrtit'RH  Ifi 
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Figure  18  shows  a develotuncnt  plan  whieli  we  feel  is  feasible,  bimni 
on  our  current  work  in  house  at  Goodyear,  ami  that^  with  the  Gangley 
Research  Center  and  with  the  Air  Force, 

As  Mr*  Loft  In  and  Mr.  {)\SulIivan  pointed  out,  we  ton  agree  tluu 
there  are  iio  major  technical  breakthrouglis  required  to  work  io\vai‘d 
an  operiitional  system  of  this  tyne  in  approximately  3 years. 

This  is  not  to  say  certainly  tnat  we  liave  tlie  answers  to  the  coating 
problems  in  (ermsof  radiiUioiu  t Ijermo-balaiice  and  a nnmber  of  other 
areas,  but  we  do  feel  the  education  we  are  gett  ing  now  in  the  structui'u! 
design  of  thesis  full  scale  units <loes give  visa  tirin  basis  in  this  area. 

Our  plan  here  wotild  be  (o  work  toward  verti(Nil  shots  and  then  the 
faiirication  of  three  orbital  fnlbscalo  (>rototype  units,  two  of  which 
would  l>e  unmanned,  the  third  maniuHl,  and  as  preciously  mentioned* 
would  utilize  the  Mercury  capsule  for  tlie  re-entry  of,  in  this  instance, 
a one-man  crew. 


DEVELOPMENT  PLAN 


PROGRAM  PHASE 

YEARS  AFTER  CONTRACT  GO-AHEAD 

1 

2 

3 

4 

PRELIMINARY  STUDIES.MODELTESTING 
DESIGN , FABRICATION 
GROUND  TESTS 
VERTICAL  FLIGHT  TESTS 
INSTRUMEfTTATION 
DEPLOYMENT 
SYSTEMS 
ABORT 

ORBITAL  TESTS 
QUALIFICATION  (UNMANNED) 
QUALIRCATION  (UNMANNED) 
QUALIFICATION  (MANNED) 

““ 

A 

A 

A 

i 

1_ 

A 

A 

A 

FtGCHF.  la 

This  completes  my  portion  of  the  iiresental  ion. 

Mr.  liiciiAiuxsoN,  One  other  thing  i would  like  to  point  out,  that  I 
think  Mr.  Madden  overlooked,  is  it  allows  the  man  to  get  out  of  his 
space  suit,  to  take  it  off  after  he  comes  out  into  the  spa<*e  station,  and 
to  work  in  u normal  atmosphere  in  the  space  station. 

Things  like  this  we  have  to  learn  as  we  go  on  iniospiice. 
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STATEMENT  OF  DR,  ROBERT  S,  ROSS,  DIRECTOR,  AERONAUTICAL 
RESEARCH  AND  DEVELOPMENT  DEPARTMENT,  GOODYEAR  AIR- 
CRAFT CORP*,  AKRON,  OHIO  (Continued) 


Dr*  Koss,  I think  Ifip  nrxt  \vi^  want  lu  tiOl  ymi  ai^e  as  wt> 

n|>  into  s|)3ioe,  startHl  \o  rmlize  Humt  are  pi‘<d>lems  sm-h  us 

liifrli  (tniipeniture.  Wo  wanted  to  timi  e*iit  if  wr  ('ou)il  nnike  tlipse 
inuttM'luls  that  mnannltv  fio  to  defrrpt'S  Kiihroiilunt,  so  they  nm 
lakp  the  hifrh  temperatures, 

Looking;  tliroiifrfi  a|]  tlie  ditrereiil  t yi)es  of  met  si  Is  that  iirv  avsiilatde* 
we  found  that  nmterials  like  stnne  of  tlie  stainless  steels  nr  Rene— 4 K 
for  insttmee,  sis  one  sophist i<aited  type  of  iimteria],  lias  a very  good 
lem|)enilure  sti'ength  eiirve,  Ai'lvmlly*  yon  ejin  gt>t  up  (o  l/itHJ  or 
I,H(K)  degm*.s  I'ahrenheit  amt  still  retain  strength. 

'Hie  proideni  was  to  gel  this  maferistl  drjiwn  down  into  filers  so 
we  eoutd  weave  it  into  Hollis.  We  ff)und  we  eonht  do  I Ids*  W e Initl 
if.  eoni innally  di^awn  down  and  di^awn  down  until  we  got  some  of  the 
HImu’S  to  a third  of  a human  hair. 

We  t<x)k  some  that  were  more  pnietteal  to  use,  and  we  nmde  wov’en 
mat eidals  out  of  t hem. 

Here  are  some  s3Un|>les  of  stainless  steel  drawn  down  to  otie- 
tliousandth  of  an  tneh  and  woven  into  Hot li. 


Von  may  find  it  diflienlt  lo  get  some  of  these  nuileidals  in  fiiiT  sheets 
that  are  nnifortii  in  HiaraiMerist ies.  If  we  n\n  get  il  lo  wire  and  tlien 
weave  into  cloth,  we  fiml  it  is  a llexilde  sheet,  and  it  can  he  used  as  a 
struct  Ural  vehicle  tlnit  is  going  to  lie  operated  al  high  teinjieratnres. 

'rium  you  have  to  do  someth i tig  ahont  muking  il  gjistight. 

The  next  iirotilem  was  (r>  develop  an  ehistotnei*  llmt^  would  he  aide  lo 
withstand  tlie  kind  of  tempenitui'es  that  we  are  going  tf)  encomifer. 
We  don't  feel  we  have  the  answer  to  lids  prtihlein  yet.  We  do  feel 
we  have  licen  making  some  headwiiy  in  this  narticidai’  direction, 

1 think  if  we  can  go  to  the  movie  I would  like  to  slunv  you  one  of 
mil’  liigli-teiuperature  tests. 

Sinee  we  are  not  in  the  s[>ace  environment,  it  is  very  dilticuh  to 
evaluate  some  of  these  materials  on  Earth.  So  we  have  to  attempt 
to  simulate  conditions  as  closely  as  (mssihle.  We  try  lo  do  these  in 
altitude  chamhers  using  high  temperature  lamps  lo  apply  lieat  on 
tliese  materials.  Such  lests  do  not  sliow  tlie  problem  as  you  come 
(hrfmgh  Hie  atmosjiliere  and  have  the  air  rushing  over  the  material, 
ilself,  so  we  devefo]jed  a little  hytlrogen  jind  oxygen  rocket,  AVe 
juit  a little  material  in  the  hhii^t  of  this  rocket  ami  tiy  to  evsiluate 
what  takes  place  here. 

(Afovie  shown  of  High  Temperature  Afateriul  Test.) 

Dr.  Ross.  AVe  haw  this  piece  of  material,  sindlar  to  what  \"ou  have 
in  your  hands,  in  a frame  in  a Iiydrogen-oxygeu  rocket  blast.  A^mi 
will  notice  wlieii  the  hot  gas  hits  the  piece  of  maieriul,  it  will  start 
to  glow  and  it  will  actiinllv  get  ikkI  hot  there.  If  still  I'etains  most  of 
its  properties. 

This  is  just  a simulated  tyi)e  of  test.  As  I say,  it  is  the  type  that 
we  ai'e  using  to  try  to  sciwn  tlie  different  kinds  of  nmterijils  tliat  we 
would  need  for  Idgh-lemperature  re-entry. 
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T}il4'o  lire  I wo  Imsit:  lypes  of  i-e-enlry  rlial  we  viwi  eiicoiiiiter*  One 
is  I he  Inillisttc  tv|>e,  where  yoti  liave  some  1yi>e  of  velnele  to  lei  you 
usi*  ilnig. 

The  seeoiul  type  is  tlie  liflin^  typ<?»  wliere  you  come  in  with  wings 
iiml  am  tly  in  Ihe  al  mos|>heir< 

W’illi  these  expumhihle  type  of  sh'iictures,  we  Iiml  lioth  of  these 
ty[>es  of  units  nm  lx*  pul  on  a hmiirli  piul  in  a simill  package. 

Figure  19  will  stiow  you  wimt  we  call  our  liallute,  whidi  is  a com* 
hiimt  ion  of  l»ii11oon  and  paraeliute. 

Woi^king  wilti  tlie  Aii^  Force  ami  XASA*  using  iheir  lahoni(one,s, 
we  found  that  you  can  make  a halltK>n-ty[>e  velnele,  which  you  can 
S4‘e  at  the  left  heix*,  with  a torus-type  ring  around  it,  wliicli  can  lx* 
attached  (o  a re-entry  velii(*le or  escaj>e  capsule. 


DECELERATION  BALLOONS 

i 


FiGl  MK  19 

_ This  item,  when  o|»ene<l  up  in  the  higli  iiititmtes,  is  iictualty  posi- 
lively  in  Milled  l»y  the  jftis  inside  so  we  don*!  have  ilie  problem  of  a 
|taniclnite,  trying  to  ojx'ii  when  there  is  no  atr.  As  it  eomes  tIironf;Ii 
the  atmosphere  it  has  to  go  through  the  speed  mnges,  and  this  par- 
iicuIartvi)pof  vehicle  niii  do  it. 

It  inflates  liehind  the  lx)dy,  makes  it  act  like  a .sli utile-cock,  and 
comes  down  thi*oiigh  the  a t mosphere. 

This  is  used  on  the  (*i*ee  missile  to  bring  back  aliout  a 500-pound 
weight. 

I would  like  to  show  some  movies  of  this  in  the  XASA  tunnels  at 
M/U  times  the  sjieed  of  sound. 

I .\fovie  shown  of  Hnllute  in  supersonic  wind  tunnel.) 

Dr.  Ros.s.  You  will  have  to  watch  it  closely.  It  inflates  in  two- 
leiiths  of  a second. 

Tills  is  times  the  speed  of  sound. 
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After  it  is  orn'iied,  we  let  it  iwl  aft  on  a rord,  ami  tliis  rliangesthe 
(I nip  apaiiL  It  innvases  it  by  pettinp  it  (jevomt  tlie  interference 
of  (he body  in  the  front, 

Tlie  trailing  strinp  that  yon  saw  was  ihe  means  of  preventinp  it 
poi  tip  down  t lie  tunnel  if  anything  broke  Uyoso, 

Xot  ico  liow  steady  it  is, 

Tliis  is  tile  thw  missile  tliat  this  unit  was  imi  oil  'I'lie  Hallnte 
is  folded  in  a pnckam*  In^twi'en  tlie  missile  ami  (lie  Imoster.  When 
tliis  iKKistei-  is  (iretl  auer  tlie  hof>ster  is  ilropped  fitf,  (Ins  Hallnte,  alxmt 
a ILfoo!  fiianieter  balhHHHs[ia|KHl  IxKly,  (Tunes  out  and  de(*elerates  the 
IkkI  v and  lets  it  come  back  to  Kartii, 

'Hus  was  the  first  of  two  shots  on  tlia(  pail  icni  far  inojeH* 

As  far  as  we  can  tel!,  eveiy  thinp  was  sucressfiih  ^Ve  don’t  know 
wimt  to  ehanpe  on  tlu‘  next  one.  This  has  been  a very  successful 
pnipram. 

^Ve  are  poinp  to  make  some  of  tliese  to  operate  at  10  times  the  siieod 
of  8om\(l  We  have  tanm  workinp  with  the  Aii‘  Foive  and  NASA 
iisinp  theii‘  e<piit.vmeiit  to  test  these  out  laTore  we  pet  to  the  fnll-sculo 
imtL 


The  other  type  of  re-entry  tliat  we  mipht  want  to  discuss  is  wliat 
(Tin  yon  do  alxmt  coniinp  from  outer  s|>u(*e  and  (lyiiip  down  to  a piT- 
determined  landinp  space  ? 

This  would  mean  wo  w(uild  have  to  laiild  a veliiele  up  in  space.  It 
would  have  to  lie  all  packaped  into  the  laitm^h  nose.  When  it  pets 
up  into  space,  it  would  have  to  open  up  to  the  vehicle  that  we  ai^ 
talkiiip  alioiit. 

Kipure  ‘20  is  a ty|>ica 
it  on  up  into  spa(TL  TIi 

and  now  come  down  and  fly  in  from  outei-spiuT. 


I example  of  this,  Tlie  Inxister  would  carry* 
ere  it  would  oiien  up  inio  a vehicle  witli  winps 


Faa'RF  2<l 
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^Vhy  <lo  \ve  rliink  wt*  ran  ilo  i liis  now  i 

I ihink  if  we  ran  jro  on  ihmnjrli  iIk*  slides,  I tliink  I ran  sliow  yon 
!i  little  hit  of  what  we  ran  do, 

Fi^iitv  *21  shows  how  tlie  entiit’*  fliiofi  rnuld  U'  |mrl{itj|;ed  into  a 
sitmli  r»-foo(  hy  10-foot  imsi‘rone. 

These  parts  that  yoti  see  here,  that  are  itnliraled  l>y  eyiinde.rs  and 
HplieivH,  show  (he  a|)im)ximale  voltuiie  of  the  hard' s( nie( tires,  ttie 
instniinentation,  the  pts  siipplv,  (he  eontrols,  amt  so  on,  ustliev  would 
li(.  ^ . * ' , ‘ 

4'he  spare  aixmtui  here  is  (aken  up  hy  the  flexiltle  stntrtim*.  When 
you  {jet  that  into  spare,  ii  opens  to  tins  size  veliiele. 


RE-ENTRY  MODEL  PACKAGED 


UJ 

u 

u. 


PARACHUTE  STOWAGE 

GUIDANCE,  COMMUNICATION  AND 
INSTRUMENTATION 

ELEVON  AND  RUDDER  SERVOS 

REACTION  CONTROL  TANK 

INFLATION  SPHERE,  HELIUM 

PAYLOAD 

9 IN.  RADIUS 
METAL  NOSE 


Trca  Ri  2 I 


FifTuro  22  shows  how  siimtl  it  is  when  it  starts  and  how  larjre  it  is 
wlien  ope.iieil  up.  Von  iiotire  ttie  little  parts  in  heiv  are  tlie  sunu' 
parts  liiat  we  liad  on  the  parkafie  and  how  they  are  distriluited  t<» 
wtiere  t hey  are.  neetled  in  tlie  vehicle. 

Figure  24  isanollier  view  of  the  Higlit  oonfiguration. 

'I'his  is  a typical  type  of  re-entry  ship,  h has  the  same  aermly- 
inunies  as  any  otlier  Iiard  slnieture.  The  iidlated  striirture  material 
is  made  otit  or  a metal  and  husj  he  same  kind  of  pro]>ert  ies  ns  any  hard 
structure. 

I Itelieve  this  slide  will  show  it  as  clearly  as  any  the  reason  we  tliink 
we  can  do  more  things  with  this  approach  than  with  some  of  (he  haril 
stnicture.s:  that  is,  we  can  go  to  a lighter  weight  vehicle  tlmt  could  fly 
in  the  a(  mospliere  at  high  alt  it  tides. 
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TANK 


PAYLOAD 


FniiRE  2T 
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Fifrure  *24  is  a typical  cufve  that  shows  thp  altitmle  ami  velocity. 

And  iliissliaded  ai-ea  tliat  yon  see  is  what  we  call  the  rc-c'ivtiy  coTriUor. 

Tliis  is  wiiere  most  vehicles  wilt  have  to  fly  when  tliev  come  in  from 

¥•  % 

outer  space. 

Xormally,  eticli  wpiare  fw>f  of  the  wiufr  surface  niust  ctiri-y  some- 
where around  25  pounds  per  square  f<M>t.  Hy  jroing  to  tins  innutable, 
light  weight  structure,  we  can  prolmhly  divide  that  hy  10  and  liave 
each  .square  foot  take  may  he  only  21/2  pounds  per  square  foot.  This 

nuMins  you  don’t  have  to  come  down  to  the  dense  air  to  fly.  You  can 
* *■ 

actually  come  in  and  fiv  nttho  high  all  itude. 

These  tipper  lines  here  indicate,  the  altitude  at  which  you  could 
probably  fly  with  this  vehicle  and  the  lower  region  of  this  plot  is 
where  a conventional  hard  struct  tire  would  operate. 

These  lines  drawn  on  here  are  basically  temperature  lines.  The 
bottom  of  ibis  curve  is  the  temperature  through  which  you  cannot, 
carry  a hard  stnictui'e  because  it  would  burn  up. 

The  U[)pcr  line  is  the  aerodynamic  line.  Witli  our  vehicle,  you  can 
see  we  would  have  lower  temperatures, 

.*40  you  .see  the  whole  thing  is  raiseil  up.  We,  can  cxune  in  and  fly 
at  higher  allltudes.  Because  of  that,  we  do  not  have  the  high  temper- 
atures. This  temperature  may  be  around  degi'ees,  where  with 

conventional  structure  this  is  :i,f)Oi)  degrees.  We  don’t  have  to  develoj) 
materials  to  go  to  such  high  temperatures  as  a liard  structure.  I'his 
is  why  if  we  can  de\*elop  coatings  and  finishes  to  take  1,500  degree.s, 
you  can  have  a winged  vehicle  to  lly  in  to  a pi-edetennined  landing 
site.  If  you  were  just  going  to  make  a suborbital  flight  from  Canav- 
eral. Figure  2.5  shows  you  the  footprint  of  your  maneuvering  capa- 
bility. If  you  sent  it  up,  you  could  pick  any  place  in  that  area  and 
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liind  Oil  it.  You  say,  “1  want  to  laiitl  on  Island  9-A."  and  you 

would  fly  in  as  ii  conventional  airplane.  When  it  jrets  to  (he  low  alti- 
tudes, i(,  is  traveling;  at  sucli  a low  velocity  (hat  it  would  operate 
much  like  a I*i|)er  Cub. 

If  you  were  piing  (o  ])iU  il  into  orbit,  Figure  is  looking  down  on 
the  top  of  the  world.  This  is  (iring  out  of  some  place  like  Vanden- 
berg.  You  see,  if  this  is  the  footprint  of  its  inaneuvering  capatiility, 
you  could  pick  almost  any  place  in  the  United  States  ami  land  there. 
You  do  not  have  to  pick  a particularly  large  field.  Because  of  (he 
light  wing  loading,  you  don’t  need  a very  large  field  to  land  in. 

I think  now  I might  show  you  a movie  of  one  of  tliese  iuiit.s  assum- 
ing that  this  is  the  unit  on  the  launch  pad.  This  would  normally 
lie  standing  this  way.  Tlie  entire  inflated  structure  is  in  this  hard 
cover,  and  you  can  see  t he  way  it  opens. 

(Movie of  Inflated  Ke-entry  Glider.) 

Dr.  lioss.  It  opens  up  and  goes  to  the  predelernvim'd  shape.  When 
it  opens,  it  opens  to  that  shape  and  you  now  have  a lifting  type  of 
vehicle.  It  doesn’t  go  to  a spliere.  It  goes  to  (lie  aerodynamic  shape 
to  wliich  it  was  fahricated. 

Then  it  can  maneuver  just  like  any  otlier  type  of  vehicle.  The  work 
that  we  are  doing  in  our  house  now  is  to  try  to  develop  the  materials 
that  are  needed  to  withstand  the  I’e-enti'y  conditions  that  we  will  en- 
counter on  that  kind  of  vehicle.  As  Siam  as  that  is  done,  we  will  he 
able  to  fly  in  from  outer  space. 

(Movie  shown  of  wing  structure  opening  in  tunnel.) 

Dr.  lIiKss.  Here  is  an  example  of  what  would  hapiien — you  know  in 
(he  suhorhital  shot  we  showed  you,  there  might  lie  some  tliought  of  it 
coining  in  where  there  was  some  atmosphei*e  and  yon  would  have  to 
open  the  wings  in  that  atmosphere. 

I'he  next  shot  is  in  a wind  tunnel  and  trying  to  open  the  wings 
with  air  going  by.  You  will  find  that  this  thing  is  going  to  lx*  tested 
at  about  .'lO  times  the  air  load  that  we  would  nomially  pncounler  on 
one  of  these  siiborbital  shots.  4'liere  is  air  blowing  by  at  this  time. 

There  are  four  shots  here.  This  thing  opens  in  about  a second 
or  so. 

The  next  one  we  put  it  at  a high  angle  to  see  whether  it  would  alTect 
it.  It  looks  like  this  is  a ven*  promising  area.  We  should  lie  aide  to 
go  on  to  lm>k  for  re-entry  vehicles  of  liotli  (he  lifting  and  drag  tyix‘. 


PROJKCl'  ^fERCURY 


!) 


isrnilioiu  tlh'  [irojet-t  iuis  rout imH*d  to  hr  n triim  rlTort  f»n  ii  uuf  ioruil 

s<*nlr  tli:iT  invf»lvr?i,  in  addition  to  \ASA,  far'iliiirs  and  |irrs4Uimd  of 

nil  tlir  militurv  srrvirrs,  indust rv, and  rrsrnrt^h  utst it ut !<ms.  Tltr 

# . ■■ 

dryiw  of  rf>oprnition  Iw^Uvrrn  NASA*  IH)Ih  itiditsUT,  and  otlirr  iti- 
SI itiil ions  \vi II  iM^ronir  npimrrul  in  thr  IkmIv  fif  tli!^n*pf>rL 

In  Sr|>trmt>rr  IhuN,  a joint  XASA  A 111’ A Mnntird  SjitrMifr  Paiud 
WHS  esl nhlislicd,  d'liis  piimd.  witli  ihe  aii<i  tif  ctrtailrd  stiitlirs  by  stall 
of  t hr  NASA  Lansrtrvund  l>’*vvis  I{rsran*h  ( 'riinos,  and  with 
flir  ativirr  aiul  nssistarn“0  of  tiu*  ndlilary  srrviers,  hninubniHl  s)it'(ulu‘ 
plans  fora  prcj^rnm  of  rrsraivli  Irsoltn^^  to  Tnmmt^d-sjmrr  lli^ht*  I'lir 
S|K*ri(ir  jdnnsdrrivrd  by  flir  Mnnmnt  Saudlife  Pamd  wrrr  ]U‘rst*htrd  T*i 
tlu'  I)irtMnor  of  thr  Adviim-ed  Hrstnirrb  Projri'iH  Ajunuiry  and  U}  tlir 
Admin  ist  ml  or  of  tlu*  Natioiml  Arroriaut  irs  ami  Spjua*  Admlnisi  nint>n 
on  (>i-1oIkt  *1  and  7,  rrsprta ividy*  P[>oh  tbt*  a|tproViil  by  tlir 

Administratin'  f>f  tin*  NASA  on  (Jftcjbri^  7,  lHuS,  a s[)ti<'r  task  trroup 
was  iU‘^ani/rd  fnaii  [au’sonmd  of  tiir  XASA  Lan^lry  and  Ijt^wis  l{r^ 
searrti  ('imirrs  anti  imnuMliatrly  bi^^ari  oprralitnis  at  Ijun^lrv  f'irbi* 
\"iu  'riu‘  s[>m*r  (ask  ^r(»U[>  was  ^ivrn  dirtna  rrs|>orisibiliiy  for  iin* 
])lrimnitin^^  Pt'^ojrt't  MiM^riiry\ 

Sfinufuftf/  nf  pnif^Vf'ss  fu  iltif** 

Iti  dannaiT  MrDfUimdl  AiriU*aft  vvai^  srlrrtrd  ns  tlir 

]>rimr  iamtrurioi*  to  ilrsi^n  aiul  rimstnua  tln'  Mtuiairy  rapsii]i^>.  'I'lir 
sidta'tion  was  biistal  on  an  industry  wtilr  rt>m|»rtit  ion : lo  (inns  "-ub- 
inittrd  proptjsids  t>astal  i>ti  NASA  sprritiraf  itajs  for  t In*  safrilitr  rap- 
sulr.  Aflrr  a iluu'iiu^lt  io  abiatiiai  ibrsr  ]>t'oposiils,  ihr  i^otumrt 
wsisawartird  to  MrI>onnrM* 

'Hit*  coinpn*ssr<l  time-plmsinji  of  the  projiaa,  laMween  in<a*|aifni 
and  Sidieduled  lias  retiuireii  fhul  researrli*  dt‘Vrh>|ituent,  desi^ou 

auil  ffthriratinn  Ik-  unilertakeu  siimiltauefnisly.  'Hius,  white  the  Mr- 
Donnell  Ainu'aft  < V>rp,  was  iinplemenfirtir  the  initial  de^iifu  j>hasi*'' 
of  tlie  Merrury  prfHbh*tion  rajjsttles,  a bfiiatl  reseai'^'h  aiiil  deve  h.p- 
rnent  proy'i^am  was  bein^f  raiTied  out*  'riii>  projiram  nirindeii  scdeio 
tifir  am)  enfrineerinjr  invi^sti^ations  usin;^:  a wide  variety  f>f  terhnieal 
etpiipnient  f<>  deterndm*  a suitable  shape  fi»r  tla^  man  nett  siiTellilr 
rapsulo. 

Following  these  invesn^»‘atiims,  a Hi^ht  pro^^ram  was  inil inlet)  to 
deveh>p  ami  qualify  tlie  varitms  (amiponents  of  I In*  rapsnh**  'rid> 
ffi^bt  proyrram  imduded  nitphnie  di'oft  tests  in  whitdi  full-srale  ra[»- 
side  nio()els  were  rlropped  from  lar^‘  rar^t»  nirtunifl  at  hitrh  altitude. 
Tlie  leslH  were  usetl  to  develop  a ld*fldy  reliid^le  pararlmie  system 
ami  to  determine  pro^aHlures  fr>  be  usetl  in  rerovtuy  o|)eriit ions.  In 
oHjim'  tests,  vehicdes  wtue  released  from  tifrhter  aii'rra ft  at  su]iersonrr 
speeds  to  ilevelop  and  t|UuUfy  the  rapsule's  drogue  pararlnue.  'Hie 
es<aipe  system  was  [>erferted  l^y  launcltiri^'  fidhsrah^  t*apsulr?i  \^itb  the 
escrtjie  rfH'kei  as  I he  only  means  of  prcqmlsiom 

Uot^ket-ljoosfed  fli^lii  tests  were  n^cjnireti  to  cdu*rk  the  ru p^tile  simi 
its  <'oinponetUs  over  a t^aiiL'^e  of  speeds  a ml  altinides.  A stdid  prtj- 
j>elhuU  nK*ket  hot^ster,  nirknanied  "‘Little  doe”  was  desir'ued  and  fab* 
ricated  espetdnlly  for  Projed  Mercury,  I'his  booster,  whieb  develop" 
one-foiirtli  million  pounds  of  thrust  at  takei^lf,  was  used  on  a numla»r 
of  occasions  to  furtlier  aid  in  the  iiualitirntioii  of  the  all-important 
enierpency  es^  ajH*  system. 
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1 nientiom'cl  tluTC  wiisoiie  lust  type  of  sM-udiire  timt  you  mifjlil  ix* 
iiiteresteil  in,  Thnt  is  one  flint  we  nii^lit  wiint  to  luive  ;is  ii  very  lur^e 
structure,  but  it  doesn’t  huve  to  have  a hifrb  tout! -cur ryin^r  itbilily,  such 
as  for  instance  a solar  collector.  Figure  :27  illiist rates  here  a typical 
exiiin|>Ieof  how  this  is  dime. 


SOLAR  COLLECTOR 


hciUttK  27 


It  is  collapsed  in  a snmll  piu'kage.  We  put  it  in  space.  We  inflate 
it  and  then  we  actually  foam  onto  the  back  end  of  (he  unit  so  we  have 
ripidtzed  it  so  when  it  is  punctured  hy  micro-meteorites  it  doesn’t 
change  shape.  1 will  show  yon  ii  movie  here  ami  how  it  can  he  done  at 
higli  altitucies. 

( Movie  shown  of  fonming  in  altitude chuinlH'r.) 

Dr.  Kos.s.  This  is  in  an  altitude  chamber.  This  is  a Ixuly  that  is  in- 
flated here.  The  solar  concent  rator  is  the  portion  on  the  end.  This  is 
a large  unit  that  will  collect  the  sun's  ray.s  and  change  it  into  electricity. 

Here  we  liave  some  of  the  foaming  proces,s  taking  place.  Once  it  is 
foamed,  a high  temperature  wiie  burns  oil"  the  part  we  don't  need. 
The  Sun*.s  niys  cun  strike  the  mirror  and  Ih*  collected  and  with  an 
energy’  converter  would  change  it  into  electrical  energy'. 

This  is  an  exaniide  of  a typical  unit  yon  can  see  there.  We  put  a 
piece  of  paper  theiv,  and  you  can  see  how  it  concentrate.s  the  energy* 
in  a small  source.  In  the  unit  that  we  Iiave  made  for  the  Air  Fnire  on 
this,  we  have  found  a tremendouslv  accurate  ability  here.  We  have 
measured  points  on  it.  We  have  come  within  j>ercent  of  wliat 
would  lie  theoi^et  icsilly  pcissilile* 
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It  looks  like  this  systoni  could  go  info  cxti'HiU'ly  iurgc  structures 
and  niiikc  tliciu  into  a I'olinhU*  <liuiPtis)oii  that  can  <io  a joh  for  us  in 
sjiiice.  'I'liis  tiling  of  course  is  nuule  out  of  lilms  and  foils  iiml  can  also 
be  used  for  Eailli  apiilicatioiis. 

( h’our  foot  diiuneter  collect oT‘  model  disfilayed.) 

Dr.  Ross.  'I’liis  was  in  a little  package  that  was  inflated  and  I'igitlized 
in  space.  I think  this  gi^'es  us  an  idea  of  the  tilings  we  can  do.  I f we 
go  back  to  the  slides  now,  I will  show  you  wlial  we  are  hasically  doing 
in-house. 

Figure  ‘iS  shows  that  in  oi'der  to  u.se  this  niaterial  you  have  to  con- 
sider everything  from  the  basic  niaterial  and  coatings  all  the  way 
down  through  to  the  actual  application.  ICach  one  of  these  things  as  I 
mentioned  liefore,  have  to  be  considered  in  designing  the  tinal  vehicle. 
You  can't  just  take  a piece  of  material  otV  the  shelf.  You  have  to 
design  each  of  the  structures  for  the  speciKc  application. 


RESEARCH  AND  DEVELOPMENT  PLAN 


BASE  MATERIAL 
COATINGS 

INTEGRATION  OF  BASE  MATERIAL  WITH  GAS  BARRIER  COATING 

DETAILED  ESTABLISHMENT  OF  SPACE  ENVIRONMENT  CONDITIONS 

EFFECT  OF  SPECIFIC  ENVIRONMENT  ON  BASE  MATERIAL  AND 
COMPOSITE  STRUCTURAL  PRODUCT 

FABRICATION  AND  MANUFACTURING  TECHNIQUES  FOR 
SPECIFIC  MATERIALS  AND  APPLICATIONS 

QUAUFICATION  TESTS 

INFLATION  METHODS 

DEPLOYMENT 

ASSEMBLY  AND  STATION  EXPANSION  AND  IN -SPACE  REPAIR  ^ 


Fan  HI  2B 

Figures  29  and  30  show  that  in-house  we  are  defining  three  areas, 
those  having  to  do  with  astronautics,  aeronautics  and  the  third  area, 
which  is  the  tougli  one  here,  getting  into  the  theories  and  experiments 
that  are  necessary’  to  prove  out  what  you  can  do.  The  thing  that  is 
different  about  this  and  hard  structures,  is  that  we  now  have  to  develop 
equations  and  consider  some  tilings  that  we  didn’t  have  in  conventional 
hard  structures. 

In  a hard  structure,  once  it  is  deflected  be3'ond  a certain  point,  j’ou 
forgot  about  equations.  “We  have  to  set  up  some  new  formulas  and 
things  that  we  can  use. 


«- 
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GAC  DEVELOPMENT  PROGRAM 


A.  ENVIRONMENTAL  MATERIAL 

ASTRONAUTICS 

LITERATURE  SURVEY -EFFECTS  OF  SMCE  ENVIRONMENT  ON  MATERIAL 

TEST  PROGRAM -HIGH  VACUUM,  ULTRAVIOLET.  ANO  TEMPERATURE 
EFFECTS  ON  SELECTED  MATERIALS 

AERONAUTICS 

RE-ENTRY  - ADVANCE  DEVELOPMENT  OF  PRESENT  MATERIALS  AND 
COATINGS 

LIGHTWEIGHT  MATERIALS- CLOTH -FILM  FABRIC  DEVELOPMENT. 
POLYURETHANE  ELASTOMER  DEVELOPMENT 


FiGURii  29 


GAC  DEVELOPMENT  PROGRAM  (CONT) 

B.  DESIGN  THEORY 

INITIAL  BUCKLING 

STRESS,  STRAIN.  ANO  CREEP  <CORO-TYPE  FABRICS! 


POST  BUCKUNG 

STRUCTURAL  DAMPING  FACTOR 

EMPIRICAL  FACTORS  AND  PROOF  OF  THEORY 
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A typiral  exiiniple,  FiKUrii  :tl  shows  some  (>f  thf  fonmiliis  that  you 
find  in  use  in  sheet  nietuTs.  Yon  see  the  constants  tiiat  yon  normally 
have  in  some  of  them  change  to  variables  in  the  new  forninlas.  They 
niijrht  even  chaiij^e  from  one  direction  to  another  iH'oause  we  can 
chancre  the  material  that  way  too, 

STRESS -STRAIN  EQUATIONS 


ISOTROPIC  (METAL  SHEET.  FILM, FOIL,  tic  ] 

**  •g(»»-pO’y) 


ORTHOTROPJC  (FABRICS) 


rjGimr.  31 

Figure  32  is  a typical  example  for  a curve  for  a meta]  (left  side)* 
Oil  the  right  side  is  a typical  fabric.  There  Is  notliliig  wrong  witli 
having  it  non-linear  as  long  sus  you  know  what,  it  is  and  use  it 
aiM-nnlingly*  A propeiiy  we  use  on  (lie  airsliip  is  sliown  by  the  lowest 
part  of  the  figure*  We  find  some  of  these  matiM'ials  jii*e — put  a 
load  on  a |>iece  of  materiul  and  lei  it  hang  for  a period  of  tune  and  it 
might  eventually  bi'eak,  1 f you  ran  predi(*t  if  in  advance,  you  can  take 
advantage  of  it* 

If  you  have  these  cKTasiims  once  in  a while  where  y(>u  have  a very 
liigli  load  that  you  are  ant icij>al ing  aiul  eiu^nunter,  you  (*an  increase 
tlie  pmssui^  or  increase  tlie  shTtigth  of  youi*  struetiu'e  while  you  an* 
flying  and  bring  it  hack  down  to  the  normiil  pressure*  Von  don’t  get  it 
for  nothnig.  You  give  up  some  of  t lie  life  of  the  umteriuh 

You  might  cut  it  from  HM)  to  Iti  veal's.  This  gives  ytm  a mugh  idea* 
hurried  brief  backgroumi  of  a subjei't  that  we  think  has  tmnendous 
potential.  It  appears  with  this  ability  of  folding  up  things  in  a small 
package  ami  putting  them  on  a launch  pad,  using  the  tyjH*  of  lioosters 
that  are  planned  today,  we  should  be  able  to  use  spac^e  by  opening 
thorn  up  into  large  structures  that  can  do  all  tv|>es  of  work  from  tlie 
space  station  type,  solar  type*  We  in  the  R,  & D*  ama  feel  this  is 
one  of  the  areas  tluil  oilers  great  potential  challenge  and  you  can  see 
we  have  I rad  some  great  sm^’esses  in  our  wfirk  in  it. 
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PROPERTIES  OF  FABRICS 


Fujlrk  32 


Tile  CiiAiHMAN.  One  question  wiis  asked  Jihout  tlie  eost.  It  is 
probably  too  eai*ly,  inn't  it,  to  ^ive  any  iletinite  idea  uhtnti  tlieyost^ 

Miv  Hirn.vimsuN,  I \v(ndd  like  to  try  to  auswrr  timt  question,  Mi\ 
(^hainnaiu  Ves^  it  is  |Jietty  dilliriilt  to  pin  out  exiirlly  tlie  cost  of  idl 
of  these  things* 

However,  1 think  it  is  very  evident  that  when  you  iimke  a structure 
like  this,  we  liave  it  fully  unide  on  the  ground,  we  don't  iiave  a lot  of 
rivets  and  mdimlors  and  lliiugs  like  that  and  the  cost  element  ishomul 
to  be  much  lowtu*  tlmn  making  similar  types  of  luetnl  struct uivs. 
Also,  there  are  a lot  <>f  things  that  we  can  do  with  structures  sucli 
as  this  that  cau'l  lie  done  with  metal  struct  urns*  I think  to  come  out 
and  name  a dollar  for  siu^Ii  ami  such  an  item  is  quite  a ditticult  thing 
to  do  at  this  time,  liecanst^  all  of  tlieni  involve,  wlmt  is  tlie  mission, 
what  ai*e  baostei*s  ivquired,  wlmt  are  the  experiments  that  are  t^l 
be  carried  out,  or  what  is  tlie  Hnal  application  of  the  equipments  that 
liavo  to  go  into  it,  and  all  of  l Ijose  gt‘t  into  the  aiiswei*  of  cost.^ 

We  are  very  certain  that  the  costs  t*f  veliic^les  like  tliis  will  l>e  mucli 
lower  than  comparable  metal  velucles, 

Tlie  Chaihmaw  Tluink  you  very  mucli. 

If  there  are  no  ijuestions,  I want  to  thank  thes**  gontlenieii  Hrst  fmni 
NASA,  and  then  secondly  from  tlie  (icKidyoar  Aircraft  t^orp.  for  soine 
very  intei'esting  tliid  very  valuable  bearings  that  we  have  Inui  this 
morning.  Our  menibei*ship  has  appreciated  it  very  much  and  we  liave 
gotten  a lot  of  in  format  ion. 

Mr.  RiruARUsoN.  Thunk  you  very  mucin  Mr.  ('hairman.  We 
appreciate  the  opportunity  to  come  because  we  think  it  is  a subject  that 
as  the  weeks,  montbs  ami  yeai*s  come  on  ahead  of  us,  it  is  one  you 
are  going  to  lieai*  moi'e  of  in  tlie  spa<*e  etloii  of  ouri‘ountry. 
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The  Chairman*  Without  oljjee.iiou,  we  will  phiee  in  tlu'  rerord  nt 
this  point  the  stiiteinont  of  tlie  (lootlyear  Ainu'ult  (’nrp.  ami  tlie  bio- 
jrniphiesof  Mr,  liirlmi'dKon  ;uul  InsstatV* 

I am  sati^slierl  of  Ihal  fact  that  von  meiitioiuHi,  Mi%  Tiic‘hardsoiL 

■f  " 

If  (Iiere  is  no  further  tmsiness,  (he  committee  will  adjourn,  snbjeci 
to  call. 

(d'lje  biojrrnt)liies  and  statement  referred  to  are  as  follows:) 


K.  W.  KU'lf  AKIV.40N 


CiOOeYKAR  AlRCtt.\l*n‘  CnUl*-,  AKia^S',  OHIO 

Robert  W,  Riehiirilsoti.  vice  for  Aircraft  t*orj>.  sitice 

November  1Ur>4,  W!U<  Hr  si  jissiK-ialetl  ivitli  ibe  ibM^U.veur  nr^ani^iil  lou  in  111^4  us 
a meinlier  of  the  iiriKltiel ion  siniuilroii  t*t  Gomiyear  Tire  ^ Uiil^ber 

He  was  tran^ferreU  from  the  sfinauirf»n  ihe  lowing  year  to  take  a p^^sition 
with  (l<M)dyear  Wervic*'  in  Krutiklyn,  N,Y.,  and  Inter  was  associated  with  U»e 
GruKlyear  store  in  Hos»ton,  Mass.  In  ISKith  be  retnrne<l  to  Akron  to  Join  the 
Meoliaalcal  Gooils  Sales  Department  t tn>w  Industrial  Pi'calucts) . of  (hiodyear 
Tiro  & RuhlH*r  Co. 

Subse<niently;  Ri(*hardscm  held  sales  lions  with  tin*  Industrial  Products 
division  in  Chicago  and  Buffalo  and  Ln  ll>4t  W'as  appointed  district  manager 
of  Gor><ly ear's  Avlutioti  Pr<Khicts  vision  at  Dayton,  Ohio,  He  retunietl  to 
Akron  In  1944  as  assist  ant  manager  of  the  JudustrUil  Prodncis  manufacturers' 
sales  organ! Kutlon, 

He  served  as  inanJiger  of  the  Aviatiotj  Produtds  division  from  1945  until  1951. 
W'hen  lie  was  up]x>ln(r'fi  assistant  lo  tlu"  vice  president  in  charge  manufuc* 
tiirers’  sales. 

In  19.52,  he  left  Akron  to  assume  the  |N>st  of  assistant  to  the  president  of 
Kelly-Spriugflehl  Tire  Co.,  a (oMalyeur  snl>shliary.  In  February  1954,  he  was 
apmdnttHi  vice  president  of  that  company. 

itichardsoii  retiirrusl  to  (iomlyear  in  July,  19,54,  when  he  was  ap]s anted  sales 
tnanager  of  the  company's  Nru'th-cenfral  division  at  Chicago,  III.  He  w^as  mimefJ 
to  his  prestuit  jHisIthm  at  thHidyear  AlriTaft  four  months  later.  Horn  !n 
Seattle,  Wasli,,  Richardson  was  graduated  from  <'ulver  Mlliiary  Acuidemy  and 
attendfHi  Turdne  riilversity.  He  Is  a member  of  the  Wings  Club.  New  York 
City,  and  holds  a private  pi  lot's  license. 

He  resides  with  his  wife  and  three  children,  Thomas,  Frances,  and  John, 
In  Hudson,  Ohio. 


II.  S.  Ross 


r,mU)VKAR  AtUClL^tT  COHP.,  .VKBfJ.N,  OHIO 

Robert.  S.  Ross  is  mm’  nianager  of  aeroiiieidianii^s  research  ami  developmem 
dei>artment  nt  the  Gfjod.veur  .Alrcnift  C<irp,  He  has  l>een  with  (bsnlyear  since 
July,  194V1,  and  is  resiHinsible  for  all  ae^«me^d^^ln^cs  projwts  of  a research 
ami  development  nature  in  the  undersea,  stirfa^'e.  iirmt^splieric  and  si»ace 
held. 

Prevhnis  to  his  |Ki.sition  at  Goorlyear  Aircraft,  Dr.  Ross  was  Teidmical 
Direct r»r  of  the  Daniel  (Jnggenhehn  Institute,  Akron.  Ohio.  He  also  taught 
at  the  UniATrslty  of  Akron  as  Assisdate  l^rofessor  and  at  the  Case  Instil  ate 
of  Te<‘lino)ogy,  as  Spe<dal  Ij<*ctnrer, 

Horn  May  51,  1920  in  Lorain,  Ohio,  he  earned  hi.s  Bachelor  of  Science,  Master 
of  S(4ence,  and  Doctor  of  Philosophy  dt»gree  at  Case  Institute  of  TfKdmolngy  in 
1942,  lt*4^f,  and  BM.l,  resji^'clively. 

Dr,  Ross  lias  la^m  active  in  Mie  field  of  aeronaut ics  sim‘e  1942  and  has  workwi 
on  lighter-thaii-uir,  and  heavier-than-air  proje<4s  including  airships,  halloons, 
lielicopters,  con  vert  apiaries,  nir]  Janes,  ami  missiles.  The  Infiatopliine  and  Con- 
voplune  were  two  of  his  projisas.  He  has  alsi>  Ikhui  res^smsilile  for  subsystem 
tlevelopment  such  as  jet  engine  rever.sers  and  supersonic  esca|w>  capsules. 

He  is  a member  of  the  Aircraft  Re.search  and  Testing  Commit t(*e  of  the  Aero- 
space Industries  Assoc,  and  was  chairman  of  that  committee  in  1959,  He  Is  an 
AssfKdate  f'ellovv  of  the  Institute  of  Aeronautical  Sciences*  and  a tneniher  f>f 
Sigma  Xi, 
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Hp  hf^lds  a ijri^fpRsioiml  pn*rUiec*rH  licpiifii'  Iti  OUUk  M n pilot,  has  iiu* 

tlioriHl  many  RH^Lnipnl  nrtt(4<^arHl  hotels  s«^vpra I juitc^nts  in  iho  neniiuintfpa)  lif^lel. 

He  is  marri^Ml  to  tlo‘  former  Hetty  L Hailey  miti  they  resiiie  at  4270  IUckt>ry 
Lane,  Clevelaml^  nhlo. 


1C,  T,  MAnT>i;\ 

(;noi>VKAi[  amo’KaFt  roHP.,  AKitoN,  oimi 

Uotiert  T.  Matlderu  Jiiauiijjer  i»f  nKtrtjmmties  stiles  at  tiondyear  Aircraft  Corp,, 
Is  resiwnisllde  Utr  (iroirromN  i^tineeriilnp  space  nml  re-entry  whlcles.  rtH'overy 
(spilpment,  structural  compenients  for  outer  spuce  appUt-atlotts,  ns  well  as  astro- 
nautics resc'areli  ami  devi4opmeiit  programs, 

Mndtien  joined  (imatyear  Aircraft  In  10o2  as  an  Krifthiei^rifni  Special  1st  in  the 
llruCs  Research  nml  Ilevpjopment  Hepartment,  He  movfHl  into  the  Sales  orpnn!- 
zjithai  in  lOrHl  and  hundli^d  the  sale  of  t*scai>e  capsules  fur  sy|K*rsotiic  aircraft 
and  re-entry  vehicles  hefore  tnmsfcrrim:  to  nstnammlcs  sales  In  lUoiL 

Prior  to  his  asst  h 4 at  ion  with  tloodyear  Aircraft,  Madden  sjient  years  with 
the  Nutlmial  Advisory  t’ranmltlec  for  Aeronaut it^s  c-findmMliif;  research  on  suiier- 
sonic  aircraft  amj  niiii  Jet  tU'opulstoM  systems.  He  also  worked  In  the  aircraft 
Industry  ns  a missile  systems  eiifrim^er  ami  as  an  Ignition  atuiltcations  engineer 
for  turldne  en Kiues. 

A llM?i  graduate  of  tlie  I'ulversity  of  Xotre  I>ame  with  a Hachelor  <>f  Science 
dejjree  lik  AenumuMt^al  KntfitUHulniir,  he  alsri  took  tourscs  In  hi^h  sliced  aero- 
dynaiiilcs  at  Stanford  rulversily  !u 

Madden  spent  years  with  the  Unltetl  States  Navy  durin^r  World  War  II  ns 
an  aircraft  squadron  etufiueerln*?  officer.  At  the  time  of  his  separation  from 
the  Xftvy  In  HMd,  he  was  aircraft  overhaul  insiiectlon  officer  at  Naval  Afr  Sta- 
tion, Alnnieda,  Calif, 

A memher  fd  the  American  Rocket  Society,  Madden  resides  with  his  wife*  the 
former  Helen  Marie  OaUiiRher,  and  five  sons  In  Hudson,  flhio. 


St’MMARY  PRRflENTATTOy  ON  EXPANOAflLE  STRUCTCttEB 

Hy 

OOOOYKAU  AiacRArT  CORC.,  AKHON^  OHW 

The  utility  of  llffhtweUht,  |meka^^ahle  fabric  structures  !n  considerations  of 
current  and  future  enjtlneerin*?  design?*  has  le<i  to  a relatively  new  technoiogy— 
broadly  identified  ns  expiiiulahle  structures. 

This  structural  approach  ijermits  the  desiitner  to  selini  and  orient  filatiienis 
and  elastomers  pi  host  suit  a siHHifle  application  in  llic  imticipatiMl  ojierafional 
environiiient.  This  ability  lf>  create  ilphtweipht  structures  when  combined  wltli 
[mcka^nhitity  looks  very  proinisinir,  iiarticulnrly  for  vehicles  and  coinponenfs  t** 
he  used  In  space  and  re-entry  applh'utions. 

Allhou^fh  expandable  structures  have  been  considered  for  many  tym'S  of  under- 
sea and  eorthlKMind  uses,  space  vehicle  applications  <‘an  Ih*  classified  in  three 
major  cntegrorles, 

I,  Illfth  Rtrcn^th  expandable  structures  for  use  In  orhitnl  and  space  vehicles, 
such  us  manned  ami  unmanned  space  stations, 

II,  Hig:h  temperature,  high  stren#fth  expandable  structures  for  use  in  manned 
and  unmanned  re-entry  vehicles. 

III,  LljrhtAveiffht  extaindable  structures  with  jjosslhle  foam  ria'idization  for 
use  In  solar  conf-irntrators,  antennae,  unmalllle^l  satellites,  and  so  forth. 

In  each  applinitlon  for  expandable  structures,  tlje  vehicle  remains  foldetl  on 
the  huuicli  jiiid  and  the  desired  t?e<uiietriciil  shnjie  of  the  ccmflpuration  is  estab- 
lished by  inflation  with  a suitable  j;ns,  onee  the  vehlHe  arrivt^  at  its  oj>eratbmal 
altitude. 

As  noted  above,  in  some  application,  after  erection,  the  shape  may  be  main- 
tained hy  llffhtwei;jht  foam  or  other  rlprldlziiiK  tediniqtjes,  Hy  ‘T^iHernlnp'* 
or  weaving  the  fabric  structure  in  the  desireil  11  mil  con  Uku  rat  ion,  it  is  pfisslble 
to  produce  virtually  any  si^e  or  shape. 

One  of  the  hljt  advantages  of  this  type  of  structure  Is  Mie  nhility  to  assembly 
and  Inspect  the  entire  <’c>ntl#ruratlon  in  the  fabrication  area  lief  ore  I he  unit  Is 
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(lollatecl  anti  pnckii^ed  liita  it  canister  for  cflicient  haniUln^  as  a trnmml  tniiis- 
or  lionstcr  jiayJnad. 

Shaijes  wnch  as  siila*rcs,  clHjjsaids*  imrabojnitls,  cylinders*  ami  other  iuaUcs 
of  revolution  can  he  readily  fabzdt^ated  in  single  wall  structures  hy  jMiMerti 
design,  f>r  "goring”  tf^  develoii  the  desiretl  in  dated  gi^unetry.  For  thr>se  zipjjH- 
ciitions  where  stiecliiUzed  shaja^s  are  deslreiL  tJual  wall  structures  are  fonin^il 
of  a Goodyear  jaanlucT  called  Alrnmt  (Gtiodyear  Tire  Kiihher  'tWl),  This 
development  has  evtdved  from  the  ju-ocess  of  wejiving  simultaneously  tiie  two 
wall  fuhrlc's  with  iuiercrumectliig  tihiimnits,  the  length  of  these  hhnucnis 
accurately  establishing  the  wall  spacing. 

Using  this  UM'hninms  it  Is  iiossilde  to  <^reate  a I most  any  desired  shai»e  in 
the  form  of  a prt'ssurizcal  ex[iamlahle  structure.  Further  tievelopments  iti  the 
basic  flhers  and  elastomers  jiermit  the  utilixatieii  of  Idgh  temiierantre  metals 
and  glasses  vvhlch  res\iU  in  structures  capatde  fjf  withstand  Jug  the  heating  of 
s[RHlfic  re-entry  aptiUcaticms, 

It  has  lie<aune  aiJi»arent  that  the  neetl  for  larger  sjaice  pay  hauls  has  rc^snlted 
in  the  develo]mient  of  la  sisters  wlih'h  are  diiiietistonally  [m|>nsslble  to  carry 
on  our  existing  highways  or  railroails*  New  means  of  tranisporting  tliese  from 
the  source  of  uianufacture  U>  the  launch  site  must  he  developed. 

A review  of  airship  tai jizibilitics  for  hamlliiig  large  missile  boosters  indl* 
rate's  that  this  is  one  of  the  most  feasible  nietluals  yet  devised  for  effectively 
handling  this  prohlem. 

The  alrslii]j's  ability  to  operate  frtmi  extremely  small  areas  and  tf>  travel 
anywhere  In  the  w<u‘ld  with  a <-argfi  that  will  encounter  less  than  a one- ha  If  g 
load  has  been  established  hi  feasibility  studies.  Within  the  state-oMlu'-art, 
It  is  iH>ssihle  to  utlliKe  airships  for  ])erforinitig  the  iiiobiliiy  function  of  all 
anticlpjtted  lamsters.  Attached  is  an  illustration  of  a typical  airsblt>  cfinligured 
[<i  handle  a large  las^ster. 

The  need  for  develotang  a lightweight  strm'ture  of  high  stmt'turiil  integrity 
for  use  In  a sjiace  eaviroiiimuii  lias  resultta!  in  the  invesligatl<Mi  cif  rlie  ability  of 
cxpaudahle  structures  to  lie  in  a nianm^l  spac^i*  station  aiudif^atloa. 

Here  it  Is  necessary  to  provide  a large  volume  in  tln^  spiic^e  eii vlronmetit  while 
the  vehicle  si/,e  must  la mpatible  wit ii  an  exisiing  nose  cone  on  the  lanui  h pad. 

The  ability  to  fold  an  entire  space  station  hitf^  existing  nose  c*one  diuien.siims 
permits  the  iitllij«aticui  of  current  boosters  to  plac-e  a manned  space  statiiai  and 
n't overy  vehhde  in  orhlt  at  ati  early  date* 

Once  in  s^iace.  tli<‘  station  can  t»e  eximndf^l  to  Iffi  full  liiniensions  and  the  man 
move  at  will  from  his  recovery  vetucle  into  I he  si  a lion  and  hack  ngaim  This 
arrangement  idiiiiinatc's  the  for  a remle/,vfm^  between  the  maimed  veliiide 

and  the  sjtace  statioti  which  wiuUd  be  reepdred  if  each  wert*  setit  ut»  individually, 

After  perf^^rn^ing  a mlssUm  in  space,  the  man  i'ould  utilise  his  re-entry  c apsule 
lo  return  Xn  Karib  leaving  the'  spac'e  station  in  orbit,  Feasibiliiy  stmlies  have 
been  mmle  of  tills  cimcejd  ilinisting  a Mercury  lyia*  re-enrry  cjijisiile  and  an 
exjiaiidable  torus  lyjie  sjiacc*  stalton  which  would  tlic‘  pfu’forinaihe  of  a 

two  week  manmsl  sjau'c  mission  while  utilizing  available  planned  boosters  tvs 
lamic'li  vehicles. 

Methods  for  c^onstructing  the  expandable  portions  of  the  sjiuce  station  are  now 
litdiig  evalU4itcMl  hy  NASA  ami  tbAt'  and  a 30- foot  diaMieTer  portion  itf  one  is 
pictured  under  esmsf nnaii*u  at  GAC.  An  artist's  esme-ept  of  Imw  tliis  unit  will 
look  in  space  is  also  shown. 

Fxpaiatatde  siructures  have  hcHoi  iiivestigatt*<l  as  re-entry  vehUdes,  both  of 
the  ha  Hist  ic*  LV|m*.  which  primarily  uses  drag  forces^  lo  df^-elenite  it  ancl  of  the 
lifting  type  which  would  iK'rnut  flying  in  from  space  to  a jiredeter mined  hmding 
area,  much  as  rhe  <-tmvenf ional  airplane. 

.\t  inched  is  a phot<i  iif  ri  typic^aJ  halMsiic  tyjK'  den-td  era  tine  system,  generally 
kticnvn  as  Hallutt'  whicdi  utilizes  H large*  lightweight  inllattHl  haljiron  for  deveIo[s 
itig  iinig  fort'es  reipiinHl  for  ait rc die'll  re-eiiiry.  This  G .VF-develofied  systeau 
has  4i  I ready  ln‘cn  le'stt'd  in  super.si  adc  wind  funnels  and  on  the*  Urn*  missile  up  to 
siH*eds  of  Mach  3.5  and  iirogranis  are  now  underway  which  w ill  evaluate  its  use  at 
ten  times  the  sp*^d  of  sound.  This  is  an  extremely  simpler  and  reliable  system 
and  has  lit*em  a very  suc'ea'ssfnl  Air  Force  program. 

The*  fe*asihllity  of  lifting  type  re»-e*ntry  V€*hicdes  utilizing  exi>andable  struf'tnres 
is  now*  b(*irig  invest igntf^d  and  it  a]»[icars  that  the  utilizatirm  of  this  primaple  wdll 
trt'rinit  the  ensdlon  of  light  wing  heading  vehi(‘Ies  that  c*ould  enter  the  earth'>i 
at niospliere  at  very  Idgli  altiiudeij  and  maneuver  fo  a prisleteniiined  landing  site. 

This  type  of  re-entry  vehich*  w’onid  not  encfuinter  the  lilgli  temi>eratiires  re- 
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<iuired  by  conventloiially  ctmatriicted  mills,  thus  providing  decreased  problem 
ureas  in  alt  the  vehicle's  snihsy stems.  Investigations  are  now  being  made  of 
the  types  of  materials  as  well  as  the  maruifaetnring  methods  requlretl. 

The  lit ili/nt loll  of  this  t*<jm;ei>t  should  ixM'mit  the  tliwelopimmt  of  lifltlng  type 
re-entry  veUioli*s  which  can  <»]NTate  from  existing  b^s^sters,  A typical  re-entry 
vehicle  in  both  launch  imd  coutlgurnthm — tHanpictely  fopleil  and  the  apace 
and  re-entry  configuration  aicshosvti  on  an  attacheti  photograph. 

The  rtNiuircment  for  power  sysleins  In  spa<*e  wUli  consideration  of  the  S5un 
as  a source  of  energy.  In  order  lo  (^<^ilect  this  energy  and  transfonn  it  into 
iiseruJ  electrical  iKiwer,  it  is  m'dinarily  nta^essary  to  pnivide  a large  solar  eon- 
(-eiitrator  to  ffn-us  the  Sun's  energy  into  an  absorber. 

ICxpamirthle  structures  provide  an  ideal  means  for  making  collectora  of  high 
dimensional  at'ciiracy  which  can  he  ffdded  up  into  small  packages  on  the  launch 
pad  attd  expanded  In  spai'e,  A means  has  already  been  develat>e<l  for  rigid Izlng 
these  structures  so  that  they  can  Ife  counted  on  for  u.se  as  reliable  orldtal  and 
spa(-e  sulisystema  coniiMmeiits,  These  are  usual Jy  made  of  dims  and  foams  and 
are  extremely  light  in  weight. 

Tills  type  of  structure  also  lends  Itself  Ideally  lo  nil  tyiies  of  large  space  an- 
ti'mme*  A lyplcal  Hgidixed  stdar  concentrator  made  by  (JAC  for  the  Air  Force 
is  shown  in  an  altnched  pbotogrupln 

The  use  of  expandable  structures  fta*  space  appUciiMmis  r<Kiuires  fundamental 
work  <m  materials,  mannfacluring  methods,  and  application  unulysls,  some  of 
whhdi  is  plaimtsl  by  NASA  and  the  Air  Force.  However,  engineering  feasibility 
studies  and  tests  eoiuliKted  to  date  indicate  that  these  large  structures  can  be 
used  wltli  existing  Insisters  tt»  iK'rform  missions  which  onllnarily  ivould  have 
wait  f(^r  !be  devetotiment  larger  launch  vehicles.  The  apiUication  of  this 
hH-hnoiogy  mw  should  mil  oiily  provide  a new  immediate  space  capability  but 
also  a tremendous  isitenMal  for  future  systems. 

(Wiien’iupoii,  at  12;1()  p.m.  tho  committee  adjourned,  to  meet  again 
<m  'Puesday,  Afay  *23,  li)01,on  another  su))ject.) 
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The  validity  of  the  Merrury  design  ecjiu-ept  was  demotisl rated  in 
tlie  fall  of  (iurinjr  an  At)asdjofJH(ed  eupsiile  test  nieknamed  “Hijr 
hi  that  tesi  a eapsiile  was  made  to  reetjler  the  Kartli's  !i linos- 
[die re  after  bein^^  atvelet^aled  to  neat‘ly  nrfjital  s[>eed*  llie  Hi^  Jfie 
rapsttle,  which  survived  the  sctuvhin*r  heat  of  reentry,  was  later  re- 
eovered  many  Immlredsof  miles  from  t'ajie  Canaveral* 

To  <late  muiT  than  ino  whul-tunnel  tests  of  the  Mercury  capsule 
have  been  j>er formed  ; and  about  irat  capsule  models  have  been  ili‘(»|)ped 
fi“om  airplanes  in  the  parachute  deve)ui>inent  program*  The  escape 
system  Inis  been  tested  four  times  in  simulated  oil -the- pm  I abort  ma- 
neuvers, and  seven  more  escape  system  tests  were  [lerfoiaued  in  con* 
nectioii  with  the  Ijittle  ihx*  Itights*  Mercury  estai|>e  systems  wei^e  also 
a<‘livated  on  two  Kedstone  and  Atlas  Mights  when  l)ooster  [lerform- 
aiico  was  abnormal*  The  ext'ellent  condition  (*f  the  capsule  after 
these  escape  tests,  several  of  wliieh  were  unusually  st'vere,  increased 
the  confidence  in  the  MerLairy  escape  system*  Small  monkeys  wei'e 
cun'ied  in  two  of  the  Little  doe  Miglits  and  a chinqjanzee  was  Mown  in 
a liedstone  flight  to  exercise  llie  life‘Sii|>j[K>rt  system  and  gain  furtiier 
information  on  the  etfects  of  space  flight . 

Alt  of  the  early  flight  tests  wei'e  nuule  witli  so-calltnl  hojhu'plate 
capsules.  These  capsules  sirnuhite  the  shape  aiul  weight  of  the  Aler- 
cury  capsules  Imt  do  not  contaiji  many  of  tiie  systems  anti  subsystems 
that  will  be  retiiiired  for  manned  operation.  HoiIer{)hUe  taipsules 
are  of  simple  construction,  utilizing  lieavy  welded  sheet  melah 
roncurreiit  witli  tliis  research  and  dt^velo^jinem  eil'ori,  the  design 
and  fabrication  of  (he  Mei^ctiry  capsules  was  prtxH?ediug  at  McLonnelh 
Modifications  to  the  design,  arrangement,  uiid  strutuure  were  made 
during  the  conduct  of  the  program,  as  retpiiremeius  for  such  changes 
became  evident  us  a result  of  the  research  and  ilevelopmeut  tests. 
>Te vert  he) ess,  a struclurat  protolyix^  capsule  was  deliveretl  in  Januaiy 
UKIO,  and  the  first  production  cai>Bule  was  deliveret!  (hiring  March 
lyCi),  a scant  K1  niontlis  after  the  contract  was  initialed;  sucli  rapid 
delivery  of  a device  as  complex  as  the  Mercury  capsule  is  without 
Itrecetlence*  Twelve  capsules  wei^e  delivered  by  the  end  of  April  IfHiL 
Requirements  for  the  Redstone  and  Allas  laundi  vehicles,  used  in 
tlie  Alercury  progi'uni,  were  also  finned  up  early  in  RhMb  Cont inning 
t^ooperation  between  XA8A  and  the  military  services  lias  been  re-^ 
([uired  to  assure  coinpatihility  l>etween  the  Mercury  capsules  and  the 
launch  veliicles. 

Four  Atlas  flights  have  l>een  launchetL  Two  of  (hese  Mights  [>ro 
vided  verification  tliat  capsule  lieal  pr'olection  was  siiflicient  for  the 
most  severe  it^entry  heating  condiuons.  Altliongh  the  I'emaining 
two  Mights  did  n<^t  achieve  the  planned  olijeiaives*  capsule  pressin“e 
integrity  during  an  inflight  iKXJsler  explosicm  was  demonstrated  on 
one  Miglu,  and  the  spacecraft  escape  system  was  successfully  demon- 
sf  nitetl  on  the  other. 

h'our  Mercury- Redstone  boosters  were  successful  Iv  launclied. 
'Diree  of  the  Miglits  involved  production  spiu'ccrafl  ami  one  was  a 
booster  developUient  test  with  a dummy  spnceenift. 

A highly  successful  qualilh^at  ion  of  ihe  nmn-*MeiH‘my  spacecraft - 
booster  coinbiiiation  occurretl  on  May  a,  IMOl,  when  Astronaut  Alan 
She[>ard  Hew  the  fii'st  manned  Menuiry-Redst^me  mission. 


COi'^Jl''iI‘ri'bli,  ON  aCIIiNClL  ANI/  AS'KiONAuTICS 

Overton  Brooks,  Louisiana.  Chairman 

JOHN  W.  iMcCOKMACK,  Massachusetts 

GLOhUJ:;  P,  hilLLEB,  California 

OLII^j  L.  TnAGUL,  Texas 

VICTUtt  L.  iJ*U60.  New  lork 

B.  1.  SlUK,  CaliPoinia 

LBWIN  ivilTChnlX,  Georgia 

JAMLB  M.  (i(Ul&LKY,  Pennsylvania 

DaVID  M.  HaIL,  NorUi  Carolina 

LhOiiArL  G.  VtOLf , Iowa 

JOoLPh  h»  KABTH,  Minnesota 

KnN  HEChLKK,  West  Virginia 

Li'ilLIO  0,.  DaLLaHIO,  Connecticut 

NALTLn  h.  MOLLLiiit , Ohio 

DAVID  t>.  KING,  Utah 

Jt  iiiJWArvL  hOUBH,  Inoiei'ia 
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Jr*,  I^assachusetts 


JAME^  G,  SULTON,  Pennsylvania 


McDONOUGP,  Califo 


nia 


IiKrjnWKT^ , Cploraiit^ 


fhANK  C.  Ok^MEHS,  Jr.,  New  Jersey 
WlLLlAi-i  K.  VAN  PELT,  Wisconsin 
A,  D,  BAUMhAKT,  Jr.,  Ohio 


PEHiwINb  Ball,  New  Hampshire 
f\,  W^lEh  HIEljLMivK,  Nevf  York 


CHmELEl  r , DUCAi4Dii.h,  Executive  Director  and  Chief  Counsel 
Dr.  CHAmLEiS  l.  <nhnLli0^v  II,  Technical  Director 
LPEivCnn  M.  BEnEctF'OhD,  Lpecial  Counsel 
PHILIP  B.  YEAGLit,  Lpecial  Couflultant 

hAHNnY  L.  BOGAN,  Jr. , Ltaff  Consultant  * * 

J0H>i  A.  CAr^TAHPhJiN , Jr.,  Counsel  » * 

HIChAhD  P.  HInEL,  Staff  Consultant  ‘ 

Lt  Col  Paul  B roChUPPENEH , Staff  Counsultant 
HaYMOND  WlLCOVE,  Stef!  Consultant 

THE  COi'i'irrTEE  ON  SCIENCE  AiiD  ASTHONAUTICS , House  of  Ftepreseiitetives,  is  for  the 
advaiicad  research  projects  in  the  Defense  Department.  The  committee  is  to  see  that 
this  Nation  has  a defei.se  research  and  engineering  program  superior  to  that  of  any 
other  nation.  Tne  reseerch  exid  engine eriixg  progrtmis  of  the  Army,  Navy,  Air  Force 
end  the  Advanced  neseaich  Projects  Agency  are  supervised  by  the  Department  of 
Defense.  The  job  of  the  Office  of  the  Secretaiy  of  Defense  is  to  see  tl.at  the 

<p 

competition  between  the  military  services  is  kept  within  reasonable  bounds  end  that 
only  the  most  promising  cievelopment  programs  aie  permitted  to  go  iir^c  the  costly 
production  phase. 

To  conduct  the  review  of  the  research,  development,  test  and  engiiieeri ng 
prograci  there  is  a staif  of  professional  personnel  who  have  engineering  and 
scientific  background.  In  addition  to  reviewing  the  program  data  thus  submitted 
the  Department  of  Defense  stall'  canies  on  almost  constsnt  ccmmuni cation  with 
their  opposite  numbers  in  the  military  departments  who  know  the  most  about  specific 
programs  end  projects;  they  make  visits  to  military  installations  such  as  test 
ranges,  proving  grounds  and  laboratories  to  observe  the  work  going  on  at  firsthand 
and  also  visit  the  plants  oi  defense  contractois  wi:o  are  perloiming  reseerch  and 
engineeing  work  lor  the  DOD.  „ 


a 

nc 

u: 


The  Air  Force  is  tie  ler^^est  exid  includes  such  additional  iteus  as  8>steii.s 
planning  studies;  considerable  elfort  on  £llt.ht  medicine  aiid  related  environmental 
studies;  the  operations  and  logistics  studies  conducted  Hand;  end  the  technical 
iniormation  exchange  represented  by  ASTIA.  The  advanced  research  woiv.  ol'  AnPA 
in  the  field  of  propellants  and  other  work  related  to  space  progreiua  and  the 
research  ano  testing  progran-s  of  DA£A  are  also  included  under  tl.is  activity. 

DAbA  means  Defense  Atomic  Support  Agency  and  this  group  runs  the  nuclear  weapons 
tests  end  the  weapons  effects  eKperiments. 

DQD  research  and  engineering  effort  is  closelv  coordinated  with  the  other 
research  programs  of  the  Federal  Goverimient  wherever  appropriate.  The  work  is 
carried  on  closely  with  that  of  the  ^tcmic  Energy  Commission  on  ell  research* 
engineering,  and  testing  concerned  with  application  of  atomic  energy  to  militaxy 
uses* 


There  is  a constant  liaison  and  coordination  with  the  Department  of  State  in 
the  mutual  weapons  development  piogram  and  applicable  NATO  activities.  There  la 
a close  woririug  relationship  with  the  hederel  ^viatron  ^.gency  on  research  and 
development  pertaining  to  coumunicetiun  systems  related  to  air  navigation. 

There  is  a close  coordination  betweeXi  the  mecilcel  research  piogiams  of  the 
Department  of  Health,  Lducation  and  Welfare  and  the  Department  ol  Defense. 

The  Department  of  Defense  is  interested  in  the  Marithiie  Administration  p ograms 
of  trausportatiun  and  logistics,  includlijg  cargo -hand ling  reseerch.  ^Imost  all 
areas  oi  basic  lesearch  conducted  by  the  National  Science  foundation  are  of  interest 
to  the  Department  oi  Defense,  and  the  LCD  has  participated  in  m< ny  studies  end  pro- 
graius  conducted  by  the  National  Science  houndation,  includixig  of  course,  the 
Internet  ion  Geopby'sical  Year  program. 

There  are  other  Government  agencies  doing  or  sponsoring  work  which  relates  in 
varyixig  degrees  to  the  defense  effort.  Private  industry  is  also  spending  increased 
sums  lor  research  and  engineering  ii.  man^  fields  where  the  results  can  be  used  for 
military  as  well  as  for  civilian  purposes. 


U.  S,  Conp:re33  - Comhittees  of  the  House 
Standing  Committee  of  the  House 

Government  Operations 


William  Dawson,  of  Illinois 
Chet  Holifieid,  of  California 
John  W,  McCormack,  of  Mass. 

Jack  Brooks,  of  Texas 
L.  H.  Fountain,  of  North  Carolina 
Porter  Hardy,  Jr,,  of  Virginia 
John  A.  Blatnik,  of  Minnesota 
Robert  E,  Jones,  of  Alabama 
Edward  A.  Garmatz,  of  Maryland 
John  E,  Moss,  of  California 
Joe  M,  Kilgore,  of  Texas 
Dante  B.  Fascell,  of  Florida 
Martha  W,  Griffiths,  of  Michigan 
Henry  S.  Reuss,  of  Wisconsin 
Overton  Brooks,  of  Louisanna 
Elizabeth  Kee,  of  West  Virginia 
Kathryn  E,  (Mrs.  William  1'.)  Granahan, 
John  S.  Monagan,  of  Connecticut 
Neal  anith,  of  Iowa 


Clare  £,  Hof i man,  of  Mict.igan 
R.  Walter  Riehlman,  of  New  York 
George  Meader,  of  Michigan 
Clarence  J,  Brown,  of  Ohio 
Florence  P,  Dwyer,  of  New  Jersey 
Robert  P.  Griffin,  of  Michigan 
George  M.  Wallheuser,  of  New  Jersey 
Odin  Langen,  of  Minnesota 
John  B.  -^nderson,  of  Illinois 
Richard  S.  Schweiker,  of  Pennsylvania 
F,  Bradford  Morse,  of  Mass. 


of  i-enn. 


Christine  Ray  Davis,  Staff  Director 


The  worK  of  preparing  and  considering  legislation  is  done  largely  by 
committees  of  both  Houses  of  Congress,  The  personnel  of  the  standi  nr 
committees  of  each  house  is  chosen  by  a vote  of  the  entire  body. 

All  bills  and  resolutions  are  referred  to  the  appropriate  coiimittees, 
which  may  report  a bill  out  in  its  original  form,  vote  against  it  in 
committee,  make  changes,  or  allow  the  proposed  legislation  to  die  in 
conmittee  , - U,  S,  Government  Or^  anization  Manual.  1960-19^1. 


OViihTON  Bi^OOKti  - democrat,  Shreveport,  Louisiana*  Born  in  East  Baton  Rouge 
Pariah,  Louisiana,  21  Lecember  l897i  of  Claude  M.  Brooks,  deceased,  and 
Mrs  Penelope  (Overton)  Brooks,  living;  has  four  sisters  and  one  brother* 
i*]arried  Miss  Collie  I4eriwether  on  1 June  1933  they  have  one  daughter, 

Laura  Ann* 

Education  • Attended  public  schools  of  East  Baton  Rouge  Parish,  completing 
the  high  school  course  in  3*1/2  years.  Entered  Louisiana  State  University, 

taking  the  i«rts  and  Sciences  course*  Left  the  University  to  enlist  in  the 
1st  Division  United  States  Army,  July  1918*  Returned  to  Louisiana  State 
University  and  graduated  from  the  Law  School  10  April  1923  with  honors,  9 months 
before  the  ena  of  the  regular  texm.  Has  LL*B  degree  and  lacks  one  hour  credit 
for  masters  degree* 

Law  Practice  * Admitted  to  practice  law  before  State  Supreme  Court  end 
began  practice  at  Shreveport,  Louisiana  XS2'J,  Became  United  States  ComLaissioner 
on  1 September  1923  and  as  such  served  for  10  years*  Delegate  to  National 
Demogratic  Convention  in  Chicago,  Illinois  in  193^  hnd  at  Los  Angeles,  Calif oi*nie 
in  19b0*  Elected  to  the  75th  and  to  the  twelve  succeech  ng  Congresses* 

Military  Service  • Enlisted  in  the  1st  Division,  Lnited  States  Army  in  July 
1918  eno  was  honorably  discharged  on  1 September  1919*  Served  in  trance,  Belgium 
and  Uemany* 

Organization  Membership  • Member  Episcopal  Church;  is  a degree  Mason, 
Shriner;  member  of  Elks,  American  Legion,  Veterans  ol  Foreign  '^ars,  Louisiana 
Farm  Bureau  Federation,  Shreveport  Bar  Association,  Louisiana  Bar  Association, 
Kiwanla  Club,  and  Forty  and  Eight  Organization, 

Committees  * President  ol  National  hivet's  and  harbors  Congress  for  3 years 
and  now  chairman  of  the  board  of  this  organization*  Member  of  Government  Operations 
Camaittee.  In  January  1939  made  chairman  of  Major  House  Committee  on  Science 
and  Astronautics  and  and  reappointed  to  this  chairmanship  in  19^1 

Adresses  • Hcmie  * 614  Linden  Street 

Office  - federal  Building,  Shreveport  La* 


Iferth,  Joseph  Edward, 

Born;  Aut;ust  26,  1922  in  New  Brighton,  Minnesota. 

Educated  in  Ratnsey  County  elementary  schools  and  North  St,  Paul  High  School, 
Attended  the  University  of  Nebraska  - School  of  Engineering  for  2 years 
of  college  courses  in  engineering  - education  was  interrupted  by  a call 
to  Combat  ^ty.  Served  in  E.  T.  0,  - received  a recommendation  for  a 
Battlefield  Commission, 

Employed  by  Minnesota  Mining  and  Manufacturing  Co,;  International 
Representative  of  the  OCA’/iZ-AFL-CIO  for  10  years.  Member  of  the  Minnesota 
House  of  Representatives  from  1950  to  1958,  and  during  the  special  session 
of  1958  was  voted  "Outstanding  Legislator",  Elected  to  86th  Congress  on  Nov 

4,  1958. 

Military  Experience:  Listed  Above, 

Organizations 
V,  F. 

American  Legion 

Indianhead  Council  of  the  Boy  Scouts 

First  Presbyterian  Church  - ''i/tfhite  Bear  I,ake,  Minnesota 
Married  the  former  Charlotte  Nordgen  end  they  have  two  sons. 

Party; : Democrat  in  Cong.ress  and  Democrat-Farmer- Labor  In  Minnesota, 

Congressional  Conmittees: 

Couinittee  of  the  House;  'Science  end  Astronautics:  Member 
Home  Address;  2334  East  County  Road,  St,  Paul  9»  Minnesota 
Office;  House  Office  Bulldingi  Washington  25,  D.  C, 


McCormack,  John  W, 


Born:  December  21,  I89I  in  Boston,  Mass,  the  son  of  Joseph  H and  Mery  E. (O'Brien 
McCormack,  Married  M,  Harriet  Joyce  in  1920, 

Educjited  in  the  Public  Schools,  Admitted  to  Mass,  Bar  in  1913  is 
a member  of  the  law  firm  of  McConrieck  and  Hardy. 

Mass.  Constitutional  Convention:  1917-1918 
Mass.  State  House  of  Representatives:  I92O-I922. 

Mass,  State  Senate;  1923-1926  (Democratic  Leader) 

U.  S.  Coiigress; House  of  Representatives:  70th  Congress  - from  the  12th 
Mess,  District,  (Majority  Leader) 

Military  experience:  None 

Organizations: 

South  Boston  Citizens  Association 

American  Legion 

Knights  of  Columbus 

Elk 

Moose 

Catholic  Order  of  Foresters 
Ancient  Order  of  Hiberians 
Democratic  Party 

Hon,  Degrees:  LL.B.  conferred  by  Boston  University  and  Holy  Cross  College 
and  Villanova  College,  Tufts  College,  Catholic  University  of  America  and 
many  others. 

Honors;  Knight  of  Malta,  First  Class;  Peace  Metal  of  the  3rd  order  of  St. 
Francis;  Knight  Conuiander,  Order  of  St,  Gregory  the  Greet  with  Star; 

Legion  of  Honor,  Republic  of  the  1-hilip^^ines. 

Congressional  Committees: 

Frai.klin  Delano  Roosevelt  Memorial  Cocmission  (Created  by  Public  I-aw  372,  84tb 
Congress ) 

Coiatiittee  of  the  House  on  Government  Operations:  Member 

Officers  of  the  House:  Office  of  Majority  Leader  - Floor  Leader;  John  In, 
McCormack, 


Home  Address; 

726  Columbia  Road,  Boston,  Massachusetts 
Office:  Post  Office  Building,  Boston,  Mass 


PHOJKCT  MKRCPHY 


Thv  inn  nf  the  orlnfal  pluuM*  fjf  M«*n'nry  will 

i-^sfiiiiv  du'  \m^  (jf  n /rlolml  lunwnrk  <d' t rnt'kiiiji' jiml  <lala  jH-quisif inr^ 
shilif)fis,  A H)fal  «if  ISsUiOi  srafinn^  will  hi*  nt  tlir  ffilttKvvin^i 

Ca|ji*  ( 'ana  vcral ; ^Jrand  [iainuiia;  <ti*iunl  Turk:  Btnaninlu, 
a in  tlu‘  Atlantic^  ( )r(*!Ui : ('a  nary  I shunts:  Kano,  Ni^nnaa:  Zan- 
Jiihai\  a sliip  in  fhc  Imtiaii  OiaauK  Wi-srinai  Ansiralhi:  U'oomara* 
Austr^alia  : ( ’antnii  IsIuihI;  I la  waii : snni  linrn  < aliiornia  ; wrsr  Mnxiro: 
White  Siimls,  N\  Mpx.;  south  1>\as:  ami  ai  K^^lin  Air  Form  itasn. 
In  tinly  llt.VJ,  the  Westeni  Klectrir  C'o,  wa>  selern*d  ns  t ht*  rian nu‘t(*r 
tti  roust  nic(  ami  install  the  t-(|ttipni<Mii  at  the  .Mi*nairy  nrtwnrk  sia- 
tioijs,  Trj  <iute,  a^rrej Hants  with  ft*rnijL^h  i tanilrias  Imvr  barn  linali/a*l, 
(he  sites  hava  haan  j>repanal,  ami  ta>nst  mat  imi  at  all  sir  as  !s  <*oinplata, 
riie  instullation  of  tH[nitimanr  at  Miasa  sites  has  also  haaa  r(>m|ilafr<k 
Nine  <»f  tha  network  statioriH  ami  Mia  I wo  nal  work  stiips  will  hr  main- 
liiined  am!  ojiai’stlail  hy  tin*  l>apai'tnn*nt  fd  I >t*lansa  tnul  it  s (‘onr  rar!tn*s, 

( 'apsuh*  ivrovary  will  ha  atlrrircl  hy  ilia  \ Navy.  Harovtny 
[jlans  wtnv  fonniilatatl  joimly  l*y  NASA  ami  tha  Nn\*y  ami  mniiar<ms 
i*xarrisas  Ituva  hrni  c‘oinhiatail  itt  onlar  tn  asiahlish  tha  hast  s(*arrli  aiul 
rai*ovt*rv  |>at  tarns,  Han  listir  lasts  of  tliasa  mat  Inals  wara  arhirV(*(l 
during  tha  surrt*ssful  ivtuivarias  following  I jit!  la  dtns  Katlsionr,  ami 
Atlas  tests. 

Farty  in  lltoh,  iha  st'van  Marrnry  asinmauls  war**  salarti^iL  Sinaa 
that  time  they  hava  part i(*i|mtad  in  an  iniansivt*  trainli^ir  |iroLn‘am 
whirh  Ims  m*w  pro^rassad  lo  1 ha  |HHni  where  the  man  ara  neatly  for 
rlie  lirsi  tmnmad  hallislir  flights,  1'his  irainin*:  program  i*niptoyed 
NASA  siimdiitois,  in  addition  to  faidlit  ias  of  t ije  military  sarviras.  A 
team  of  aei^oinedi<'al  immitors  has  Ihhui  <lat ailed  to  NASA  fnmi  tha 
tnili! a ry  sarvires  a nd  frtan  tha  Pnhlir  Maalfh  Sarviat‘,  IniriiiL''  fiifinv 
Mil’ll!  Of >arnt ionSi  thas^’  monitors  will  drtannim*  tha  (-(mdition  <d  tlie 
astroimnt  as  !ia  faissas  fjver  aaah  of  tlie  nerwrn*k  siaMrnis  atid  vvill  par- 
riripata  in  the  raaco'ery  and  posfrarovery  art ivi ties. 

FitffffT  f/oaf^ 

Frojrrl  Alaraiiry  is  a rfmiinuin^r  [o^o^ram  of  r<mrnrrani  etfoils  tn 
rest^sirah,  davelo|)meiit,  anjriiie<*riiiy:,  niannfartnt'in^r^  test,  and  traiii- 
all  aimed  at  tin*  fm-al  jannt  of  'Urrassfnl  manned  urhital  Hi/fht 
at  theaaJ*liasl  j aissildf*  I inie* 

Projeat  Menniry  is  liain^  pursued  with  i lie  fireatrst  sense  ol  luwnry. 
This  iir^enay  stems  from  the  iiu*{  that  Mie  jn^ojert  will  supfdy  answers 
to  many  ^]uasf^ons  that  innsl  Ik*  answeivil  laTora  one  ran  [>ror’et*d  with 
the  next  stafj  In  the  manned  s|)siim'  Hio'hi  pro^rram.  lh*lorr  tninrr 
pivi^ranis  ran  iiti  very  far  ih*wnst j'eiiiin  murli  must  he  learned  iihnut 
man's  rapahilitv  in  spa<-a  ami  ahont  the  ;ieiiarat  tet*hnolo;iy  i>f  manned 
sfaiee  fli^rht.  'Tins,  Inisjritlly,  is  why  it  is  most  iinfan'taiU  to  ilo  l'ru]t*ri 
Mermr\\  ami  to  do  it  siMm, 

Ih^oji'ri  Mei'f*nry  lja>  hern  eiidoiM**!  hy  tha  National  Aet'onant ii" 
ami  S|iare  ('ounril,  rind  apfinnail  hy  the  Fresidani.  as  a [n^o^fraio  of 
foj)  iiaiioinil  priority*  ( %»iisa<|nenl ly,  it  rariaas  a DX  [>rioritv  raiinjr. 
Hilt  a 1>X  |»riority  niiln^^'  alone  dra^s  not  assiu'r  tlmt  a proje -t  will 
ino\e  forward  at  a LOeat  rate  of  sjierd*  1 he  iinplemetil alton  of  a 
|>rojet*T  sih/li  as  Projart  Merrnry  demands,  on  a <‘oiif  innin*j  hasis,  *rmit 
h*iiei^trv,  iTivat  eiit  hiisiasnn  and  irreat  iletarmininitm.  Work  on  Pi'oje(*t 


Mpmiry,  liolli  stt  tin-  M<'I)uutu*lI  [thiiit  siikI  nl  I'lmavcnil.  is  jii'o- 
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oa  a Hii'ee-Hliift , 7-duy-a-week  busis.  All  of  llip 

MtOT'ory  lesiin,  tliey  ia  NASA,  in  I)()l>,  ov  in  ijrlvuti-^  iridui^try, 
are  making  every  elfort  to  meet  tlie  ^^ouIh  e.stablislietl  for  tiieria 

It  uwti^i  Iw  recr»^rnize(U  however,  that  Menairy  is  a rvseurcli 

and  devtdopnieiit  program,  an<l,  thejvfoi^e,  tU>i*s  not  Uaiil  itself  to 
tiie  fii'ni  ty]>e of  seliediiling  tluH  van  Ik^  maintinnecl  on  3ityi>irul  la'oduc- 
t ion  job.  Instead,  it  is  only  possible  to  establisli  target  dates  with  the 
fall  nx‘ognition  t!mt  sudi  target  dates  must  l>e  ehauged  as  iievv 
knf)wledge.  is  gained. 

In  Ih'ojert  Menniry,  target  dates  have  btam  esiahlished  for  every 
faeet  of  the  o|)enition.  Tliese  inelude  target  (biles  for  ileliveries  of 
|>ai1s,  eonj]>oiieiils,  suiaissemldies,  systems^  and  coini^leto  eaijsules; 
lliey  also  inelude  targf»t  dates  for  ea[>siile  pi'e]mi'at Um  sequences  and 
huineli  periods  for  all  (light  tests*  As  is  always  the  ease  in  ii  (amiplex 
re>se4ii'ch  and  development  program,  some  tjf  tliese  target  dates  havt‘ 
Ijeen  met  aJjead  of  stdiedule,  others  (ui  sdiedide,  some  behind  s(die<lule. 
Vet,  tiieiT  is  always  sullieierif  tlexihility  in  this  type  td  pn)gram  to 
allow  foi^  some  adjustment  of  sdiednies*  For*  examjde,  if  a eei‘taii» 
suhassemhiy  is  not  reiadved  fi‘om  a vendor  on  time,  work  cjiii  pr(a‘eed 
on  the  iustallat  ion  of  allot  Jier  sutaissenddy ; and  if  tlie  (ni'g'et  (late  for 
a given  (light  test  is  missed,  othei-  tests  might  |>ro<‘eed  ahetid  of 
stdiedule. 


lVi'h3i[)s  the  imjst  imi>ortnni  tai'g'et  djite  in  the  (overall  ATerciiry 
sdiedule  is  that  for  tlie  adiieveiuenf  of  imnined  orbital  flight*  As  was 
mentJoned  earlier,  lh\  Dryden  in  eongressiona!  testimony  in  im- 

plie([  tliat  this  mission  could  l)e  accom[)lished  sometime  during  lOOL 
If  no  setbacks  are  encountered  during  the  flight  (juallficatioii  program. 
It  is  likely  that  this  target  date  will  Ik*  met. 


(tKNKicvL  I Ii-^^otirnox 


The  Merimry  [irognuu  consisis  of  a mimher  of  phases,  the  cnlmi- 
natiiig  [ihase  being  nuuiiUMi  orbital  flight  for  a pei’i<Hl  of  4t/i  hours, 
nr  three  tirms  around  the  Farth,  Prior  to  the  manned  orbital  ftighrs, 
detaileil  desig-n,  research  and  development,  {ind  qnalificjit ion  pn)gninis 
musl  1m^  pursued*  'i'he  design  [duise  of  the  program  was  largely  com- 
])Ieted  during  VX*U:  however,  as  a result  of  the  (^ont inning  ii^seandi 
and  development  ]H-ogranu  many  design  refinements  and  design 
clianges  have  !w*en  made  in  the  tmsic  configuration.  'Hie  largest  part 
(if  the  ivs(»andi  and  devidopmeni.  ]>hase  will  In*  compleHMl  and  the 
(jualitical  ion  pJiuse  of  the  f>rogram  wasslai'ted  dui'ing  UM^O,  'I'he  cub 
minaf  ing  ]iluiseof  numned  orbital  flight  should,  if  all  goes  well,  oceur 
hefoi'e  fh(‘  end  of  llHil  : this  event  will  l»e  piTt-eded  by  additional 
numrii'd  ballistic  flights  in  Kedstoiie-lamH'luHl  ra[>snles  and  unmanned 
orbital  fliglits,  using  the  Atlas  launch  vtdiicle* 

Let  us  now  examine  the  manned  orbital  niissioTn  The  (‘ajisiile  will 
i*est  atop  an  (essentially  unmodified  Atlas  laumdi  vehicle  as  showti  iti 
ligiire  b 'Five  launch  will  take  phi(‘e  at  (Ai[>e  ('ana veral,  Fhu,  and  will 
Ih'  in  <1  noilheastei'ly  direction  toward  the  island  of  Her^muda,  Initial 
as(*eiit  win  l>e  almost  vetliide:  as  the  velfK'ity  incivases,  howev*er\  the 
Higli!  path  inclines  and,  long  befor-e  the  veliicle  is  over  Hernindji,  it 
will  he  traveling  j>arnllel  lu  the  smd’ace  of  the  I'amh  at  (jrlutal  velfK'- 
ity, The  jioifu  at  wliicdi  orbital  velocity  isac^liieved  is(villef|  injectifin. 
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At  tikis  point  f]ii‘  Titiuiheil  i‘!ipstile,  or  ft , will  In*  s€*punHini 

from  tin*  AtluK  1jhuji4j  i‘i»hit‘lr  ami  will  In*  ri’invliiij;  sit  a vt*ln<'ity  of 
uiumt  17,raiii  iniU's  per*  lionr.  Smtill  ji'ts  t‘iirrii'4  on  tlie  (^apsnlt' 

*11^1  1.  ■ ■ ■ I • »■ 


w* 


I lien  tlu'  ninsnli^  to  oritMit  it  \w  the  desired  tlirH^rinii  iri 

s|m(T — tiuH  is,  with  the  Ijlimt  ea])suU‘  faee  forward  ami  wiflt  tluMisti^o- 
riuut's  IVet  point irt;;:  f owned  ICnt'th,  The  rnn lined  spneec*mft  will  then 
rireie  the  enrtli  three  finn^s  uf  lntit^di^s  viirviii^^  from  a[>|>roxinmteIy 
iW'*  iiorfik  it*  mjijiIi.  As  the  <*iipsuh*  nears  the  end  of  its  third  orhii 
and  is  I in  velin^  overhead  In'tween  the  islamlsnf  I In  wait  and  the  t ali- 
fortiin  e<iasl , a reininn^ket  system  will  U"  tire<l  to  slow  tlie  enpsule 
slightly  Inflow  orhii al  vidrndly.  I'hls  det-eleratiori  from  an  orhital  ve- 
liH'tiy  of  alH>iit  l7*ritHi  miles  |»er  lionr  to  llie  stdHkrliital  veltieily  of  ap- 
[>roximalely  tT, ITjH  miles  |»ei*  hour,  will  nntse  tlie  (‘n]>sule  to  dest^eml 
eatihward:  as  tlie  eapsule  descends  from  its  iiominni  orhital  alfiuHle 
of  ahoui  HKl  miles,  it  will  em^tninter  t lie  denser  at  tmjsjdiere.  41ie  aei’o- 
ilynamic  dra^  forees  !n  the  atmosphere  will  i^ajiidly  slow  tfie  capsule 
fm1  her  nrtt il  it  is  at  a snhsonic  velocity  of  apjiroximately  *150  miles  per 
Imiir  ovei^  the  Atlntilie  ()ri*an  m>(  far  from  the  island  of  Pnertf*  IJirn. 
At  this  point,  a small  stidnlizin^r  panicdiuie  will  he  dep!<>yed : later,  at 
nn  altitude  of  10,oihi  feet,  deployment  of  a lar^e  0^1 -foot  diameter 
curpj  paraelinte  will  lake  plaee  and  ihe  capsule  will  1k‘  frently  lowenMl 
to  the  snrfiicv  of  the  orenn, 

\\  Idle  I he  capsule  ts  eirclin|f  the  Karih.  neai'-conf  hiiious  I'adio  con- 
tact will  1h‘  iiiainiiiim*ti  svitli  the  astronani.  As  the  cnpstile  is  lowered 
to  the  surf;i(*e  id  the  o(x*an.  loention  aids  siicli  as  Sofai*  iKitiihs  will 
1h*  ejected  ami  dire(*t  iondindin^  radio  siymils  will  sent  om  to  aid 
in  rapitl  hK'ation  of  the  capsule.  Shi]>s  and  aircraft  in  the  plannetl 
recovery  an^u  will  then  litmie  on  the  directimidindiu^  sijtrmils.  Air- 
craft  will  miide  the  recoveiw  sutdnet*  vessels  t(*  the  stvtie  of  capsule 
imnat't, 

T(»  tdiis  point,  a normal  mission  has  U^eri  tajnsideiTd.  witii  tlie  as- 
sumf)ii<m  flmt  everyihin^r  ^ws  as  planned.  As  in  thi*  <"ase  of  a manned 
aircraft  with  ejection  s^^ats  and  |dIot  parachutes^  provision  must  U* 
made  for  unplatined  einer^fencies.  Xext,  smiie  o|  these  pnwisioiis 
that  h ave  lH*en  imule  to  hiindle  such  enierirem'ies  as  niijfht  occur  will 
U»  i'onsideretL  h'irsi  of  all,  as  shown  in  ti^om^  2^  a separate  itR*ket 
|»roptiIsioii  system,  calle<i  nn  es<'a|je  or  alaun  svstem,  is  pi-ovided.  This 
will  carry  tlie  caj)side  to  safety,  should  the  Atlas  malfimctit)u  while 
on  the  lauiH^li  pail  or"  durin^^  the  early  phases  of  ascent.  ITie  alMua 
.system  may  U'  enerjrized  automat  leu Hy  or  hy  yrmmd  cuntmh  or  hy 
the  astroiniui  liiniself, 

Slioiild  an  uImui  or  emerpnicy  laiidin;:  Ik*  necessary,  it  is  upptirent 
that  tlie  ciijysule  will  hind  in  other  than  ihe  jitanned  recovery  siiTa. 
I'lieivfore.  provisions  must  Ik'  maile  for  refrievjd  of  the  capsule  from 
emei'pMicy  anvts.  If  the  emerp*Ui\v  >houId  fn'citi'  wliile  tlie  iaipsiile 
and  hmiich  vehicle  an*  on  the  Inimch  pad,  the  ca|>sule,  after  hriu;r 
file  es(‘ape  ro^’ket  system,  winild  land  within  a shoii  distance  of  the 
launch  pad,  and  etnerji'cncy  rec'oveiw  jirovisioris  can  i^eadily  im|de- 
mejited,  Sliould  an  eimu'^encv  comlition  tH'cur  fairly  early  in  the 
Hijfht  while  tlie  veldcle  is  well  helmv  oiTiial  veUaury,  the  i*apsiile 
would  land  in  the  area  heiween  Florida  and  liennuda.  This  ami 
will  U*  covered  with  aii"crafi  and  surfan^  Vi^ss^^ls  for  ]>ossihIe  emer- 
^nm<‘v  iwoveiT  jiurptJS(»s,  If  an  alairt  shr*uhl  Im*  ivtiuireil  at  near 


16 


PHOJlvCr  MERCURY 


(R'bilal  velocity,  the  ca[)snie  could  laud  anywlieiv  (jver  a suhstaiitial 
j)ortion  of  the  Earllrs  surface  unless  some  rurrective  action  is  tukein 
Under  siicli  cii'cumstances,  the  I'cf n>mckets  of  tlu*  capsule  will  i>e 
utilized  to  control  the  enier^ency  landinji:  point  to  within  one  of  sev- 
eral planned  landing  ai'eas  in  the  Atlantic  Ocean.  Thes<*  r<*covei'y 
areas  will  he  thoroufrhiy  patrolled  by  aircraft  and  surface  vessels* 
Reeoveiy  foi^i^es  will  also  he  i>tijvideu  within  the  lamlinfr  lU'ea  that 
Would  lie  readied  hy  emliiiy'  (>rhital  flight  after  tlie  Hrst  or  second 
orbits* 

Witiun  the  time  ]>eriod  of  Project  Mercury  activities,  it  is  appaiiuit 
that  the  reliability  of  larfie  liquid  rockets,  sucli  as  the  Atlas,  raU' 
not  approach  tliut  of  conventional  manned  aircraft  systems*  Tliere- 
fore,  It  is  essential  that  the  relinhility  of  tiie  escape  system  1h*  of  a hifrli 
order*  Hence,  a major  etTort  is  p>in^  intt>  the  ileveloi)inent  ami  quail- 


The  Mercvry  Manned  (\\esri.E  System 


A detailed  descu^iptioii  of  the  Mercury  capsule  or  spnceiu'aft  and 
asstxuated  systems  is  presented  in  House  Rejxirt  Xo.  published 

in  Jaiuiaiy  ISRU).  Hence,  a hiaef  description  of  each  system  will  1k^ 
presented  in  the  present  report;  in  addition,  ret^nt  developments  and 
the  curi'tMit  status  of  the  various  systems  will  l>e  dist'ussed. 

In  considering  the  status  of  the  capsule  ami  its  systems,  it  I*s  im- 
IHU'tanr  to  reinem1>er  (lie  compressed  timetable  on  vvliidi  the  Memiry 
caj)snle  development  has  pi'o<‘eeded.  (^oncuiTeril  desifxn,  develop- 
ment, and  |>roducttou  liave,  of  necessity,  U'en  undertaken  irj  order 
to  make  the  most  rapid  projrress  |)ossihle.  lender  such  comliiions,  if 
was  inevitable  that  retroKt  and  i'e<lesifrn  of  certain  components  of  the 
system  were  necessary  as  associated  resean'li  iukI  development  jjro- 
jirams  ijropres*sed*  The  nmst  sophist  legated  of  theoi'etica!  analyses 
and  analytical  desi^irns  canmit  anticipate  all  developmental  |U'oldems 
that  mifrlit  arist%  and  those  moditii^sil  ions  tliat  mij^ht  he  requiretl*  Only 
experimental  i nvesli^at ions f>f  actual  pn)toty[>e  hard wui^e can,  in  many 
caso-s,  conHrm  satisfactoiT  equipment  opei^ation*  In  many  instances, 
system  deficiemues  show  np  only  under  actual  fulhs<'ale  flight  con- 
ditions, even  thoufrh  the  most  extensive  ground  testing  possible  has 
been  carried  out* 


litiHiV  ntpHuh  ^ifntrfnre  und  shUdd}n<j 

TheMeivury  s]>a<*ecraft,  (i^rnre  3,  has  a 74*ri-in(*li  maximum  diametei' 
wifli  ail  80-ineh  s])tiei'ical  radium  heat  shield*  Tlie  ufterlaMly  con- 
sists of  a ctme  frustum  which  surmnmts  the  pilot V jiressure  vessel* 
a .Tidiich-diameter  cvlimler  wliich  contains  the  pariudiutes  am!  on- 
lioard  recovery  systems*  and  a cone  frustum  whi(‘h  foi'ins  a (Hmimunt- 
(aition  antenna  and  4‘ontains  the  drofjrue  [mru<4mie  and  horizon 
*seanners* 

'I'he  heat  of  leentry  will  lie  dissipated  hy  n larjre  ronndetl  heat 

shiehL  Earlv  Hedsionedannched  Menuirv  fli^rhts  will  utilize  a beiwh 

* ' ■ * 

limn  heat  sink  for  tliis  heat  shiehL  wliereas  later  orbital  Hijihis  will 
use  an  ablation  heat  shield  inateriaL 

At  the  time  the  oi'iy^inul  Mercury  s|ieciliiNUion  was  written,  tlie  heat 
sink  approach  was  within  the  state  of  the  art*  Mdiile  there  %vas  no  ex- 
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"Hie  (ieeisiciH  was  mnile,  therefore,  to  <tesi^»'n  the  Me  real  ry  eapsiile  so 
that  it  eonh!  safely  reeiitta- 1 lie  atinospliere  wiili  a herylliuni  iieat  sink* 
It  was  tvt'ojriiixial  tliat  a vehiele  of  a sha]>e  desi^^-tHMl  s]>e<ali('ally  for  a 
heal  sink  eoiild  1k^  titled,  ill  a hitiaMlat<%  with  an  aldalion  heat  shield. 

Idle  apjiroiM'h  used,  therefoiv,  was  a t‘onserv  at ! ve  one*  If  ahlation 
terliniipies  were  fonnd  to  he  iip)ilH-ahle  to  satellite  reeiitry,  the  Mer- 
cury capsule  eotdil  use  siieli  nmterinls*  On  tlie  otlier  haml,  if  ahhi- 
tion  did  not  j>rove  to  In*  adeijiniie,  the  Mercury  capsule  C(tuld,  without 
chatijre,  accept  a l>e!'ylliuin  heat  sink.  As  a result  of  the  Hi^  doe  de- 
velopment Higlit  tests  made  in  September  IlhiJh  and  snhsequtmt  analy- 
sis of  I'esults,  a fiian  decision  to  jro  aliead  with  the  nsi^  of  an  ahlation 
heat  sliielil  for  all  ilie  orhilal  rtifrlits  was  I'eacdied,  Tlie  ixH'ovtuHHl  Big 
doe  c^apsule  is  ,sliown  in  figure  4,  T\n*  previtmsly  ordei'cti  heiwllinm 
heat  sinks  were  ilesignaleti  for  iLse  in  Redstone  Imllistic  (lights* 

The  hi  g dcH"  flight  test  also  showeil  tmex]>ec4edly  high  afierhotty 
healing  under  the  most  rtatieal  reentty  <*ondltions,  Althougli  hun- 
dreds of  wind  tunnel  tests  laid  been  made  on  the  afterl>or]y  heating 
]>r'ohlem,  none  had  been  able  to  duplicate  fully  the  acttml  full-scale 
reentiy  conditif>ns  and  thus,  if  took  the  at^tiud  ftdhs<'ale  flight  to 
uncover  this  j>rohlem*  In  or<ler  to  witlistand  this  liig'lier  heatitjg,  the 
thickness  of  (he  external  skin  nn  the  conic  afterl>ndy  lias  lieen  in- 
creased,  and  the  <*otistrnc( ion  of  (he  tylimiricnl  [)art  of  the  aftet“lw)dy 
lias  U^en  clianged  Kj  hety Ilium  plate  in  place  of  die  fonnei'ly  used 
light -gage  metal. 

During  the  Mei'<‘iiry  i‘a]>snle  I'esean'h  and  (levelo|)men(  [program,  if 
was  found  that  the  impai4  load  snstiiined  dnrmig  a landing  on  the 
groimd,  such  us  wotdd  0(*(*ur  in  an  olf-tlie*pad  ahoi't,  conhl  exceed 
human  tfilet'ance  limits  nntiet^  t*ei1ain  wind  conditions*  Therefore,  the 
imtmet-allevial  ing  or  cushioning  devitv*  shown  on  tlie  M l{-d  <*apsule 
ill  figure  o,  was  ilevelo[>e(h  'I'lie  cusliioning  eflect  is  obtained  by  ust*  of 
a collapsible  skirt  which  is  haaited  lietween  the  lieiit  shield  and  the 
capsule  s(ni(4u!V,  At  the  time  of  paracinite  deployment,  the  tieal 
shield  is  dis<amne<Med  from  the  capsule  and  sus|)emled  about  4 feet 
below  thefuipsule  with  the  colhijjsible  skirt  extended.  AVith  the  !ieul 
sliield  so  suspended,  tlie  volume  between  the  heat  shiehl  and  tlie  cap- 
side  snaictnre  fills  witli  air.  Vjion  impact,  the  en(rapj>€»d  air  est‘upes 
through  lu)les  in  (lie  sidewall  of  the  skin,  therely  acting  as  a pneu- 
matic, shock  absot'liet'.  Some  strengthening  of  i he  caj>sule  lowet^  bnlk- 
heatl  structure  was  found  necavssaiy  {a  withstand  the  load^  trans- 
mitted by  (he  skirt  ni>on  landing  itnpact. 

Kxtensive  tests  have  ln^n  made  To  confirm  that  the  installation  will 
attenuate  land  imjau-t  loadings  lo  levels  acrejaiitde  To  human 
otH-npanls. 

'File  installation  of  the  im[)act  attenuation  skirt  allowed  removal  of 
feuir  inflatable  dotation  bags  wlii<di  were  located  in  the  upper  section 
)Siile.  Thesi'  laigs  we  it*  lo  be  inflated  on  impact  and  were 
le  purpose  of  keeping  the  top  eiui  of  the  ttipsule  out  of  tlie 
water  during  usfroTiant  egress  through  tlie  to|)  emergency  hatch.  With 
tlie  skirt  installed,  the  space  iH^wcen  the  lieat  shield  and  the  (^apsnle 
struct niv  will  fill,  after  impact,  witli  some  K,000  pounds  of  water.  In 
this  manner  the  impact  bag  assemtdy  acts  as  a s<*a  amdior.  tlins  piH^- 
vent  ing  the  capsule  from  capsizing  during ast  romiut  egi’ess* 


f)f  the  (^a 
to  serve  t 
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Retrograde  rocketi^ 

The  return  of  tlie  cupsule  from  orbit  is  iiiit luted  by  the  firing  of 
a retroiwket  system  wliioti  slows  tlie  rupsule  from  orbital  velocity  to 
approximately  350  miles  per  hour  belovv  orbital  velo<uty.  Three  sepa- 
rate ro<*kets  aie  used,  and  eiicli  of  the  three  has  its  own  prime  and 
reserve  Ignition  system,  so  that  utmost  reliability  can  lie  assumh 
In  an  emergency  any  two  of  tlie  tliree  retrorockets  would  bring  about 
reentry,  although  for  exiieditions  rei^overvj  all  three  ai^e  used. 

Development  of  tlie  retrorcx'kets  has  been  completed.  During  de- 
velopment, 40  mot  Cl'S  were  fired  at  the  Thtokol  factory  and  additional 
inotoi^  were  fired  under  simulated  space  conditions  at  the  D.S,  Air 
Force  Tulhihoma  facility  and  the  NASA  Lewis  Reseurch  C'eiiter  Alti- 
tude Facility.  Qualification  tests  of  the  retrorocket  motors  have  also 
been  completed* 

Rsmpe  nyntem 

As  lias  been  mentioned  previously,  provision  is  made  within  the 
^^erc^lry  capsule  system  to  terminate  the  mission  and  escajie  from  the 
vicinity  of  the  launch  vehicle  in  case  of  malfunction.  The  es<‘ape 
maneuver  is  carried  out  ^^y  use  of  the  esciuie  rocket  up  (o  the  time  of 
booster  cufotL  In  order  U>  provide  rapitf  separation  of  the  capsule 
from  the  hiiincli  vehicle,  the  escape  ro(‘ket  1ms  a high  level  of  thrust 
over  a short  jwriod  of  time.  Because  f>f  its  l«(*ation  on  the  tower 
extending  ahead  of  the  capsule,  the  escaj>e  I'ockel  motor  utilizes  a 
iriple  nozzle  with  the  tlii'ee  nozzles  canted  outward  so  that  tlte  exit 
flow  does  not  impinge  upon  the  capsule  st  ructure. 

It  is  important  that  the  imigiutude  and  db'cction  of  the  resuhunt 
thrust  vector  of  the  tliree  nozzles  l>e  controlled  to  close  limits  and  that 
the  direction  of  action  1h*  known  precisely.  In  this  wmy,  the  capsule 
can  l>e  fonvd  jiway  forward  ami  to  one  side  of  the  lajoster  din  ing  an 
escape  maneuver,  without  setting  up  a tumbling  motion. 

Development  and  tpialification  tests  of  the  esca]>e  motor  have  been 
completeii.  A total  of  oS)  motor  firings  w^as  performed  during  the 
development  and  qualiHcation  tests.  In  addition  to  tests  iierfonued 
by  tlie  manufacturer,  one  escape  motor  was  vacuum-test  tire<l  at  the 
Air  Force  Tulhihoma  facility,  four  escape  motors  were  vacuum- 
tested  at  the  NASA  Lewis  Resean^i  Outer,  and  three  Little  ,Jf>e  and 
two  beacdi  aliort  tests  at  Wallops  Island  wei'e  made,  all  successfully. 

fMnding  and  rerorery  ^iy^iem 

The  Mercury  capsule  utilizes  pnra(*hiitej>  to  achieve  a safe  descent 
and  landing.  Altogetlier,  four  parachutes  are  installed  in  the  capsule. 
The  drogue  parachute  has  a <iiiunete[',  conic,  ribbon-type  <mno|)y 

with  approximately  ti-foot-kmg  ribbon  snsi>ension  lines,  and  a 3f^foot- 
long  riser  matle  of  dacron  to  minimize  the  elasticity  etlVcts  dtiririg  de- 
ployment. The  drogue  para<rliute  is  [aicked  in  a protective  bag  and 
IS  ejected  bv  a mortar.  This  puimdmte  provides  a hackiip  stabiliza- 
tion capability  for  the  capsule  in  the  event  of  failure  of  the  reaction 
control  and  stabilizar ion  system  and  also  serves  to  slow  the  ca|>sule 
to  approxiiiiarely  200  miles  per  lioiir  main  paracluite  opening 

shock. 

The  main  parachute  is  a f>3-foot  <liameter  ring-sail  cargo-type  [mm- 
chute.  Throughout  the  test  pmgrain,  this  parachute  1ms  shown  ex- 
tremely favorable  oi>ening  characteristics,  as  well  as  good  stability 
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after  opening.  The  reserve  puriirluite  is  idejiltra!  to  tlie  main  pani- 
cluite.  It  is  de^>loved  l>v  a Hat  rin/ida retype  pilot  parnclmte.  'Hie 
main  purarlmte  is  (iej)loyed  autoinnf  irally  hy  means  of  se([iieneiii^  and 
ahitiide  sensing  <levi(’es:  however^  should  the  suitomatie  system  mal- 
fum-tion,  the  |dlot  nui  manimlly  deploy  ei(  her  |>araehute, 

'The  flight  test  |)ro^nim  of  tiie  landing  system  was  oompletial 
August  11,  lOhO*  Tlie  fimil  (jualifieat ion  pnj^ram  consisted  of  5(> 
drt>ps  of  a hoiter]>lnte  capsule,  etpiipped  with  tlie  landiufx  system  (Com- 
ponents* I'hese  drops  were  made  from  Air  Ff>rce  ( -L'iO  aircraft  up 
iiy  ;i(),UOU-foot  altitudes,  nr  from  a Maiine  IIK:iS  heli(‘opter  at  low 
altitude  in  order  to  simulate  otf-the-pad  al>ort  (*ondil  ions. 

f:  nnlrommmtfti  rontro/  nv 

Tile  eiivii^oimieiital  control  system  shown  s<diemat ically  in  ti^urt*  i\ 
must  piwide  an  accejjfalHe  atmospljere  for  the  asti^onaut  thron^dinut 
the  period  of  cai>sule  o(*<mpancy*  The.  system  is  de.si^rued  to  provide 
a sufHcieiit  su|)ply  of  oxypen  to  sustain  life  for  4tJ  hours  and  to  rnaiti- 
taiu  cabin  pn*ssuriza1  ion  under  emei'^iuicy  conditions.  <"ai'hon  di- 
(jxide  content,  fjas  lemj)eratunc,  and  humidify  are  maintained  witliiTi 
ac(ceptable  limiis*  Oxygen  is  stoi^ed  in  two  spherical  (‘ontainei's  at 
veiT  lii^li  pressuivs*  A water  i^oolin^  system,  designed  to  oj>ercate  \i\ 
weif^htless  flight,  is  used  to  dissipate  tlie  heat  irenerated  hy  elect  i^onic 
ic<juipinent  and  l>v  the  astronaut.  Activated  cljari*oal  and  lithium 
hydroxide  an*  us(.mI  for  tnlor  and  cailMui  dioxiile  remrxvaL 

A tpialiiicat  icm  pro^rain  for  (lie  environmental  control  system  has 
l)t*tm  (*om])!eted.  Xiaiined  tests  of  I lie  system  were  on  tiune  20, 

I OHO,  The  u^st  pjco^ram  iiiclnded  a nnniU‘r  t>f  1-hour  tests  which  dem- 
oiisi rated  tlu*  system  ojterafion  in  all  mochas  inclndin/x  simulation  of 
system  failures,  A 2H*li<mr  rnissifui  sittmlatitm  and  a I2-liour  dura- 
lion  ]>ost landiiifT  test  iiave  also  been  made.  Many  coin|Kments  of  l)ie 
envii'omneiit al  <‘ont  r'ol  system  weiv  installed  during  centrifn^e  tests  at 
tiie  Xavy  dolmsville  human  (^ent  rifu^re  (AMAfj)  in  Octf>l>ei*  1900, 
'riiest*  (com|)om*nts  o]>e rated  very  satisfactorily  under  tlie  simulated 
flif>:ht  condii  i<msof  llie  liedstimi*  launched  Hi^lits, 

rontral  .vy/.v/c/// 

The  attitude  cout rol  system  must  |>rovide  for  automatic  or  manual 
attitude  sensint^iHid  t-ontrol  of  the  capsule  throughout  tlie  flij^ht.  Atti- 
tude stnisiu^  is  ac<‘omplished  tliroufrJi  a combination  of  hnilzon  scan- 
tier and  ^yros(^o[)ic  e(iui|)ment.  The  location  of  the  cai>sule  in  the 
pitch,  roll,  and  yaw  planes  is  (^onti'olled  liy  a reaction  jet  system  whicti 
uses  hydn^ffen  ]>eroxide  as  a mono[)rope!lant,  Wliile  in  orbit,  the 
control  fona\s  retpiired  are  very  small  and  a low  fhnist  mode  of  opera- 
tion of  the  reaction  jets  is  sufficient,  Dnriiifr  n^ti^owket  firing  and 
dtii'ing  atniosphei'ic  iwnir\\  a high-level  thrust  is  requii'ed.  In  (U'der 
to  ])rodu(*e  this  dual  level  of  thrust,  two  sets  of  reaction  thrust  chaml>er,s 
are  pi'ovhted  in  the  automatic  system.  In  onier  to  inci'case  overall 
mission  relialiility,  pi’ovision  is  alsf>  made  for  the  pilot  to  sense  and 
('ontrol  the  capsule's  attitude,  A ]>erisc^ope  and  window  are  used  for 
visual  attitude  refereiui*  hy  the  asti-onaui.  A third  set  of  itnictioii 
jets,  activated  by  the  pilot's  coTit ro!  stick,  is  ]irovided* 

Qualilication  and  reliability  testing  programs  have  lieen  completed 
on  the  horizon  scanner,  perisc'0|>e,  automat stabilization  ami  con- 
trol system,  and  rate  stabilization  and  control  system. 


PlUMECr  MKHCVRY 


23 


1'1h‘  uutoniiific  rt*ariiiin  i^otiirnl  svsu^iu  uses  vnht''^ 

eontroL  3 he  mu n mil  ivueiitJii  eonuxh  system  m ilizes  eiihei^  mecliuiiieal 
iumhiUihI  vulves  with  tHriMU  miH'litmii'ul  liiiku^es  1u  t tie  emiiroller 

or  snhuuhil  vulves* 

A ((irtist  chiimfjer evulijsit icm  pro^iumi  lU  llirXASA  l^'wis  KeseutX‘li 
( 'eiiltM*  Avjis  ('ompletiMl  nirly  in  inriii.  Since  thul  l imi\  i lie  (itmliiicut  loii 
tests  of  t(je  reiirt  ioii  tlirust  chumhers  atul  tile  ussiH‘iutiHi  is jih tuiumt  luive 
Ihh^m  eompIeliKh 

I ^ flat  tuuf  rrxtriihit 

Ih^rHimiioij  of  iiHlividimlty  fifleil  eimches  fur  the  asi  rommts  lias  iimv 
Irtii  eonij^leled  (iijf,  7)*  'These  i-rnirlies  weie  used  ilnrln^  simulated 
liedsloiie  flights  luni  im  I lie  renirifu^e  in  Oetoher  IIMUJ*  Although 
experietire  with  the  body  reslniim  luimess  imlirattHl  it  was  mTejUiible 
for  the  tli^Iu  mission,  (*xperieiiee  with  tlie  eixress  tndner  )ms  imlieatc'd 
tlnit  the  pilots  sliould  Ih^  able  to  rvleitsi^  the  Imrness  positively  imd 
nmidlv.  It  hud  l)eeii  neeessiirv  (o  unflna*ad  tin*  knee  and  ehest  ljuekle 


on  the  orijjiniil  harness;  however,  a revistul  Imiuiess,  eiirn-nrly  in  use, 
carries  quirk  release  'The  f)ri^inu]  heiul  I'estraiiit  system  has 

I>een  reinoveiL  It  was  felt  that  this  hK*ked  the  head  so  tirnily  that 
any  shoulder  or  luMiy  tnoveiuent  mijrlit  injure  the  mn'k*  ( 'ori?4*queml\\ 
the  rurivm  (‘onlifrviration  provides  hiterul  restiainl  only  and  permits 
the  head  move  upward  and  ftirward,  'Tests  wliirli  were  ('imdueted 
on  the  Air  Foix^e  <Itvelenilion  sled  ai  Holloman  Air  Force  Hasi*  tlem- 
t>nsf rated  the udeqiuiry  of  the  mcHlilied  system. 

i U>  m m mu  nt  t ( a a h on  rd ) 

'The  Merrury  <‘a|>suh‘  roinmunieation  system  is  desijfned  to  junvide 
two-way  voire  ('onimnnliailioti,  position  trarkiiif;  taipahility,  air-to- 
ground  physiral  ami  ITiolojrieul  data  transmission,  ([ground  rontrol  of 
vital  rapsiite  events  and  jmst landing  seiiiTli  and  m‘overy  assistance. 

'The  fomimmication  system  is  made  iij)  of  the  ffdlowing  ettuipineni  : 

(I)  A ;2-watt  TIIF  voire  transmit tei^-iweiven  'This  tmit  is  de- 
signed  to  pmvide  two-way  voire  rorniiumicat ion  for  the  entire  mis- 
sion inehiding  coniinumis  nitlio  tairrier  foi'  diixauion  (imling  after 
main  {>ararhute  deployment, 

{2)  A rilF  voire  transmitter-ref'eiver  which  provides 

hat*knp  for  the  2- watt  system  and  serves  blent inii  functions,  f>nce 
selerteil  by  t he  ast  ixumut , 

(II)  A o-watt  ITF  voire  transmiller-rereiver.  'Tliis  unit  is  ilesigned 
to  [M'ovitle  extended  range  for  two-way  voi(‘e  communi<'anons, hacku|i 
for  rUF  voi(‘e  rirruits  for  emergency  use,  or  foi*  normal  use  vvlien 
ui'hital  iml  li  islx^yoiid  line  of  sijjht  range. 

(4)  A 1-watl  KK  ivsiUie  v'filre  transmit  ter- retadvcr,  I’liis  unit  is 
<iesigned  to  provide  l wo- way  voire  rommunications  with  beyoml  line- 
of -sight  range  cajmluliiy.  It  will  be  energized  tinly  after  impart,  as 
a liarkuj)  for  I IIF  Vfdre  communication  tluring  ihe  rermei  ■V  j.lm  se, 

(o)  A Ihibwatt  telemetry  receiver  (high  frt^iuenrv).  'Tins  unit  is 


designed  to  pixivide  for  biological  and  [iliysica!  data  transmission  to 
grouinbrange  stations;  ii  Imrkup  for  oidioard  instnnnenialioii  data 
hi|)e  reixuxler:  veri  Meat  ion  of  events  transmit  led  to  or  pr’ogranied 
within  the  capsule:  and  emergency  lelegrajili  irunsmission  in  tlie  event 
of  complete  voice-communirat ion  failure. 
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(<>)  A tt*lenietry  tninsiiiittt^r  (low  fi^t^qiienry ),  'Fliis  niiif 

is  (lesigittMl  to  perform  the  same  function  as  the  high  frtHpicncy  *elein- 
etry  ti^aiisinitler  and  ])rovides  r'etUmcImn'}"  of  hight  safety  tlata 
transmission* 

(7)  Command  receivors*  Two  identinil  20-tdiminel  I'eoeiven^  witli 
parallel  oulpiUs  in*e  provide<l  to  enable  gi’omid  eontro!  of  eapsule 
alM)rt,  (A)  ret  rot  line  I' reset,  and  (r*)  retroiii\\ 

(8)  ('-band  and  S-lmnd  radar  beaecms  for  tracking  by  ground 
radars* 

({))  UIIF/IIF  rescue  beacons  (SARAH)  for  seandi  and  recovery 
aid  after  capsule  imjmct* 

(10)  Auxiliary  I HF  rescue  beac(m  (super-SARAH)  for  ledudant 
search  and  recovery  aid* 

System  development  tests  liave  Ikhui  jKU'formed  tf>  determine  mutual 
compatibility  of  communications  systems  com[)onents  with  each  other 
and  wltli  othei'  cai)snle  systems  tHpiipihent*  Asa  ivsuh  of  these  tests, 
a number  of  equipment  alterations  were  made  to  alleviate  problems 
uncovered*  Among  thest*  correct actions  were  internal  liltering 
and  i*tq)ackaging  of  the  rescue  Ix'acoTu  inleiaial  poweiHine  lilteiniig  in 
the  command  receive!*,  uitditiou  of  [Jowerliiie  filters  to  (lie  ttdejiietry 
transmilter,  Jiml  redesign  of  ibe  telemeter  transmitter  [)owe!^  siqjply* 
These  were  problems  that  did  not  appear  until  all  (sjuipmeni  was 
woi’king  together  within  the  actual  ca|>sule  struct  ur-e. 

J mnunitatlon 

"File  instrumentation  system  monitors  the  pliysical  cojulition  an<l 
environment  of  tlie  asti'otmiir,  capsule  (diaracterist ic  an<l  condition  and 
opej’ation  of  capsule  controls*  This  information  is  supplied  to  telem- 
etry transmittei's  and  to  a taf>e  re<*order  to  provide  data  for  analysis 
niul  evaluation*  {'ameras  are  installed  to  observe  ainl  I'econl  'the 
astronaut's  fat‘ial  expressions  ajul  the  capsule's  insli'ument  panel*  "I'he 
instrumentation  system  also  provides  program  contr'ol  [)ower  to  oper- 
ate instrumentation  and  other  system  cfHUponeiits* 

Klevinen^  pouter  nupplieii 

'Fhe  basic  ele<*trh'al  power  su|>ply  system  for  <n*hital  capsules  t-oii- 
sists  of  three  *H,tMK)*watt-liour  and  three  watt -hour  silver-cell 

28-voU  hattei'ies  connected  sous  to  [JHM'ide  three  indej)emtent  systems 
called  main,  standby  and  isolated  d*c*  sui>plies*  Althougli  tlie  su[i- 
plies  are  normally  nHle])endent,  cirtaiitry  is  [H'ovided  for  automatic 
combination  of  the  standby  and  main  baiieries  in  the  event  of  <leple- 
tion  of  the  main  su]>ply*  In  addition,  manual  switching  will  inter- 
connect all  thi'ee  supplies  into  one  <*omnKUi  system  al  astronaut 
o]uion.  This  arraiigenient  permits  utilization  of  all  installeil  batlei*' 
ies  if  found  necessary*  in  night*  The  nmanal  mission  re(]uir*es  less 
power  than  that  supplied  hy  the  main  battery  complement*  The 
i‘est*rve  [a)wer  in  tlie  standl>y  and  isola(e<t  Sfuirces,  Therefore,  is  com- 
pletely available  for  imfoi'eseen  emergencies  or  unant  it -iixi  ted  [>r>wer 
utilization. 

The  d*c*  battery  ] rower  is  convened  to  a.c.  by  means  of  statii*  invert- 
ers, As  in  the  cause  of  the  batteries,  itidependent  inverters  are  pro- 
vided* 

All  batteries,  inverters*  am  1 (rfbet'  ele(ii*it*al  system  conqroneiits  to  !h* 
used  aboard  fhe  Mercury  cajisule  liave  successfully  completed  their 
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<1  mill lion  test  pi'ii^nun*  Qimlirieatioii  tests  have  the  ^eii- 

enil  t'^iuirenients  for  ixTfornmru'e,  lumiidity,  suit  spray, 
inmiersioii,  saiul  mid  dust  sea)i*i|r,  <’oimui  ilrop,  riidio  noise,  ovcrioad 
eapaeity,  eJeetriral  nipUire,  endnrsmee,  upenitiiij^  foive  meiduinism 
opendioii,  short -(Mfcuit  e!ninieiei*ist ies,  aiut  aetmiiiou  forces  as  iippli' 
nihle  to  I lie  spe<dlic  ileviee*  S|>e(dal  testing  siirh  as  air  leakage 
(liron^h  Ijidkliead  ('onmvtors,  tem[)erature  cvcliii^,  low  ami  hijrh  tem- 
}Hn^iiture,  vihralioiu  shfH'k,  lU'mistic  iioisi\  |M'essuiv  all  it  tide,  power 
inpn*  ivquiremeiits,  idectriral  efliiaenry,  oxygen  em  iromnent,  et<'.,  ai'ti 
also  coridueted  In  ac(a>rdance  wil  h tlie  spei'ilii'  Me  miry  conditions. 

( * a ule  dr  Vfr  r rvV'  h 

Tl»e  first  McDonnell  capsule  was  deli vtu'ed  tt>  NASA  on  -iaiiuaiT  27, 
ntOO,  less  than  a year  aflei-  flie  contract  with  McDonnell  was  signed, 
'[”lds  capsule  vcas  essentially  <mly  a strucUiral  sfiell,  liowevei\  and  did 
mit  contain  most  <if  the  ifiternal  systems  that  would  he  ref|iiiml  for  a 
manned  Hijiht. 

Tlie  second  MA(^  cnipside  (fi^r.  I),  was  delivered  to  NASA  on  Marcii 
14,  IfifitJ,  and  the  third  and  fourth  were  delivered  in  tlie  hist  week  of 
duly.  The  third  delivertMl  ca[>snle,  scheduled  for  the  (ii^st  Kedstone 
flifrlit,  is  the  first  cajisule  tliiK  contains  most  of  the  systems  and  sub- 
systems that  will  he  neecled  for  manned  oi’bital  fii^lit.  4'welve  cap- 
sules had  Imhui  ilelivei^ed  hy  the  end  of  April  ]9fiK 

()n  Aujiust  Itk  17,  and  IS,  liHitt,  a McDonnell  capsule,  completely 
erpdppetl  for  manned  Hijirlit,  was  subjecied  to  a development  enpineer- 
lUfX  inspection  at  tlie  McDonnell  factory;  The  ]>ur[)ose  of  this  iiispec- 
turn  was  to  insure  that  ttie  capsule,  as  en^xineered  and  nmmifactiired, 
wassafe  for  maimed  Hij^ht*  Representatives  of  NASA,  MA(\  USAF* 
SpacT  Tecluiolo^y  ! jalx>raf ories,  and  (Amvair  participateiL  This 
inspetdioii  was  typical  of  those  which  are  required  diiriiip  ainu’uft 
development  profirains.  It  focused  ttie  attention  of  a lar^e  ^rou|>  of 
enjrineers,  of  various  Inickp'oimds  and  interests,  on  capsule  system 
iletails  and  o])erntjonal  procedures*  Followin^r  this  insjiecticm,  tlie 
capsule  entered  a period  of  capsid e system  functional  tdiecks  at  the 
McDonnell  factory,  iK'fore  Indnj^  shippe<l  \o  Cape  Cunavernh  Fla., 
for  iirefli^ht  activity. 

The  ileli very  schedule  for  capsules  snlisefiueut  to  April  IfiUl,  will 
ilepend  largely  on  results  from  orbital  ffij^ht  tests.  Slmuld  inajo!' 
thfliculties  he  encountered  tbirin^  these  tests,  prniluetinn  of  snhser|uent 
capsules  will,  of  ctmr.se,  need  to  I>c  interrnjited  for  desijin  changes  and 
retrofit.  As  1ms  la^eii  <lesci']lH‘tl  before,  such  actions  are  inhcT‘ent  in 
hi^h -priority  ndvanceil  development  programs  whicli  must  miflertake 
simultaneous  develojiment  and  jiroduction  in  order  to  compress  the 
overall  jmjjrram  timetable. 


Fliuht  Fk<nue.\m 

I'iie  roi^ket-lHiosted  Menmry  flifrlit  [irn^nnn  i^onsists  of  a research 
and  develo[jment  [ilmse  and  a qualification  pluise,  :is  well  as  the 
manned  orlfiral  phase.  Most  of  the  research  and  development  (lights 
have  lH'*en  accomplislied,  4'he  qimliti^'atiim  phase  In^jran  late  in  lOGh, 
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Fir.i’RE  9. — Littlp  J(>p  launch  from  Wallops  Island.  \*a. 
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Littif*  J of 

The  Li(tle  Joe  lunridi  veliicle  wiis  iise<l  prinuirity  ttiu'infx  the  it- 
fteureli  luul  (levelupnient  pliase  of  project  Merc'iny*  Little  JtH\  wliicli 
WHS  <level(>]>ed  es]>eeially  for  p!^oj><'t  Memirv,  is  a hn-st  uhiliztMi  lainuL 
vehicle  wtiicli  is  jH'oiielled  by  foiii'  solid- fueled  (’sistor  rockets  and 
foui'  Recruit  rockets,  Ivauneli  weight  is  a])proximntely  tons,  and 
Launch  thrust  is  14 -million  poinuls,  Prehumeli  preparations  at  Wal- 
lo]is  Island  aresliown  in  HfrureH*  A photofrra])li  of  a IjitI  le  Joe  launch 
is  shown  in  ligiire  ih  To  date,  the  following  Little  Joe  tests  have  Ikhui 
I>erfomuMl : 

(f/)  Liftle  Joe  Is  Ovtuher  lUlJK — A Hi*st  Little  Joe  veljicle  was 

tiown  with  a dummy  capsule  which  was  not  sej>arated  from  the  huim'h 
vehicle.  The  fliglit  was  for  tlie  |)urpost'  of  testing  the  liiujidi  veliicle 
rather  tlnni  the  capsule.  This  Might  pn*ved  the  stability  and  integtaty 
of  the  launch  vehicde  nml  |>rovided  a siKa^easful  test  of  the  <lcstiairt 
system  at  maximum  range, 

(/>)  Little  Joe  I ! ^Noeemher  iftfJK — ^The  t>rimary  object  ive  of  this 

Might  was  to  check  the  o])eration  (jf  the  escape  system  for  the  com- 
bination of  mach  numlKU'  and  altitude  which  l‘uus^^s  llie  maximuin 
dynamic  [jressure  fluriiig  launch.  The  estaipe  rocket  Igniter  (iral  at 
maxiimun  dynanih^  pressure:  howevnu'  the  major'  portion  of  the  pro- 
pellant did  not  ignite  until  10  seconds  later.  Becuust*  of  this<lelayed 
l}urning,  the  capsule  ditl  not  separate  fr'om  the  booster  until  the  dy- 
namic preSvSnre  Imd  <lecaiyed  to  one-Hfth  of  the  design  value.  All  the 
other  capsule  functions  fjccuiuvd  as  [>rogramed  atid  the  capsule  landed 
in  the  Atlantic  Ocean  al>cmt  H miles  of f'slnire  at  Wallops  Island. 

(c)  fJUle  Joe  I II ^ Iteeemher  J,  /Av//,— The  ohjeclives  of  tliis  flight 
were  to  determiiie  (lie  motions  of  the  capsule  after  a high-iih itude 
ahoii  for  a capsule  with  im  active  control  system.  The  escaiw  ro(*kei 
fir'ed  us  jilannetl  at  OH, 000  feet  and  accelerated  tlie  capsule  to  a nnu'li 
nnmiier  of  0.  'Hie  capsule  was  Iniosted  in  an  ai>ogee  of  *280,0(H)  fm^i 
and  impacted,  as  i>rogramed,  liOO  statute  miles  from  tlie  latutch  site, 
A monkey  was  imOuded  on  the  Might  and  sutrere^l  no  adverst^  |)!jysio- 
logical  etfects.  All  the  fligh(  instruinentntifm  fum^tioned  properly 
and  showed  (hat  the  capside  was  sufficiently  stable  to  |>eniut  safe 
tle|)loyinen(  of  the  i>araclui(e, 

(d)  LJttle  Joe  l\\  Jonuanj  JL  IftCJ), — Tliis  was  a repeat  of  the 
Little  »Iw  II  in  an  attempt  to  achieve  a valid  abort  test  af  maximum 
dynatni<*  pi^esstirc.  All  test  objectives  w'ere  sttccessfully  achieved:  the 
escape  maneuver  was  initiate<l  at  ;itJ,0tl0  h^^{  ami  at  a predeterm inetl 
maximum  dynamic  i>ressure.  The  capsule  demonstrated  sufficdent 
aenxivnamir  stal)ilitv  at  this  severe  Might  <'ondition* 

(c)  IJftle  Joe  r,  Xoeemhvr  Ss  /AAA,— All  the  previous  Little  J<h‘ 
Mights  were  ucconiplishe<t  wiih  ivst^arrh  and  developnumi  lKuler‘|>late- 
lyjK".  capsules.  On  Aovenibet' IMHO,  Little  »Ioe  V carried  a prcahu-- 
noii  capsule  inamifacture<l  !)V  McDonnell  Aircraft  Vm\},  Due  to 
a.  malfunctioning  switch  assembly,  tlie  escaf>e  nx'ket  tired  prvrnaluivly 
during  the  launch  plmse.  As  a restdt  of  the  pi'ema(uiv  tiring,  the 
capsule  clamp  ring  diil  not  release  and  the  capsule  failed  to  separate 
from  the  booster* 

This  Might  was  to  have  <'hecked  the  ion  of  tlie  capsule  escape 

system  during  an  iiIkuI  at  maximum  aerodynamit'  hmding.  The  cap- 
sule foi'  this  Might  was  previfiusly  subjected  to  an  aiamstit'al  vihnitioii 
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test  lit  llu'  NASA  Laii^loy  ^ Vntrr',  It  siK'ct^ss fully 

wiflistood  at^fuistiral  vilmiHun  (levels  \n  of  I la  decilH^ls,  A |)ilol 

<jc*tMi|)ied  t U*  tturin^  tht^sp  u^sts  in  vvliiivli  tlu*  nnis^i*  levels  wero 
<y]ji<*»t  f>f  ievds  v;h’u*li  will  hr  riK^omUrmi  tlur'iufr  un  Atlas  luuiirtu 
h was  to  liuti  tiiat  tiir  mipsulr  siniriitn*  ultrnuattHl  tlir 

tmisr  sufruurjitly  it*  riiahU*  tltr  ]ul<*!  1<>  rcmmniuiiaUr,  usiu^r  his^  Maruh 
aj*<[  t'atiiu  rquipmrut. 

( / ) Llf  f/i'  J oi'  I ’-4 1 , M t uTh  /fS\  /Wj  / . — Til  is  was  1 ht^  stH'oi  id  a M cm  j >T 
tt*  e|iiulify  a (‘a|>sult'  at  thr  maximntn  dviiamic  piTssurv 

ct)nditiotL  liir  llijxlit  was  tudy  [>ailially  successful  because  the  sc^* 
t|uetit^e  system  malfiitict ujiied  and  ciinstHl  an  almrt  at  the  imiiroper 
time.  V\w  test  did  sIujw*  however,  that  flie  capsule  would  wii  list  and 
j>ii  each  tit  H ojieniu^  slua^k  loads  in  excess  of  the  desiirii  Itmds, 

((/)  L!ft/r -/tte  r //,  Apr/7  JS\  AW/, — '['he  i'a|>side  llown  in  the  pre- 
vious  lest  was  iTC(»vered  in  frnnd  4'omtiiion  and  iTflown  in  anoilier 
a1fem|)t  to  attain  llie  flij^lit  ohjeciivesof  I^iltle  doe  V*  Tlie  Little  doe 
V-H  nifflH  i*rovided  an  uriex|^ei'ted  s^^veit^  test  of  fhe  capsule  es<‘ai)e 
system.  Due  to  the  fa<1  lliat  one  of  tlie  Ixaisler  motors  tired  n sta^onds 
late,  tlie  Ljosler  pilidied  over  more  i^apidly  ilnm  planned  and  flew 
a tow-ahitude  tnijectory.  I’he  peak  altitude  was  only  1L1HH)  feet  amE 
theilynami(^  [nvssure  at  the  lime  of  aU>rt  was  l,S0n  pounds  |)er  s<jUarT 
feet  : np[>roxinmtely  twice  as  hi^di  as  planned.  All  (ai]>sule  events 
and  recovery  were  nonmih  ('apsule  I>ostHi*j:Iil  condition  was  ^^K>d. 

///f/  Jof 

ILijr  dcH'i  was  the  name  ^iven  to  tlie  reseandj  and  develo|niient 
Mercury  capsule  whitdi  was  flown  on  an  Atlas  hninch  vehicle  and  is 
slnovu  in  lio-ure  UK  Tlie  Hiji^ht  was  conducied  on  Septemlier  Iholh 
with  tlie  following'  primary  ohjiH>tives: 

LD  Vatidainm  of  tlie  ade<[uncy  of  the  ablation  heal  sliield, 
ih)  Detennimuion  of  cni>sule  i!ymuni<*  stability  dirriiifr  liyper- 
sonic  rtHuitry* 

Tlie  Atlas  trnidance  was  jO'et>ro«rramed  lo  ]>mvide  a du|dit'alion  of  a 
normal  entry  from  orbit;  liowevto',  the  Atlas  lioosttu'  entities  failed 
lo  separate  fnmi  fhe  taumdi  vehic‘le  ami  the  atldetl  weight  causer!  the 
Atlas  to  burn  out  at  a lower  speed  and  a Iii^dier*  (lif^dn -path  anjfle  flmn 
scliednled.  ddiese  hurnoui  comlitiiuis  resrdteil  in  a steep  reentry  with 
the  same  maximum  t‘eentry  lieatiiif^  rates  as  experaed  {turinjj  ni-hital 
I'emitry:  however,  the  total  heat  input  was  lovvei*  than  expix'ted*  The 
excellent  postflij^hi  condition  of  the  heal  shield  verified  that  the  de- 
sijrii  would  \h^  sni isftu'tory  for  tlie  .Mercury  capsule*  'I’he  reentry  was 
accomplished  without  lire  aid  of  a reatai<ni  control  system.  Although 
fhe  capsule  eiilered  tin*  atmos|>liere  at  an  nii^le  of  attmdv  ^^reatm'  than 
PO' , the  amplitude  of  tlie  aiiy^Ie  of  attack  os<'illaf inns  <!e^*rea.si»d  to 
iiear^!^-  in  at  maximum  reenirv  rivnnmic  pt^^ssure.  Because  of  the 
sttX‘p  reentry  aii^le,  reenny  dccHderaiion  was  50  |H*rceni  greater 
than  ex[Hx^ted  du^inf^  reenny  from  f>rt*ii. 

An  nnexpected  hut  impmiant  re.sult  of  fhe  flight  was  Ihe  lii^li  de- 
^r^ee^  of  heatitijr  on  the  coni('  and  cylindrical  after!«>dy  portions  f*f 
tlie  capsule.  1’be  liiirli  heatiii;j  ['utes  n*sulied  from  unpredictable 
shock  wave  intei*uctinii  and  slnwk  wave  impin;_o'meni  on  the  i^ifisiile 
afterlxaly.  As  a r'esult  of  the  lii^h  nfter^MMly  (emperaiuix’^s,  tlie  ex- 
ternal shingle  material  on  the  Mi'Dormel!  prodm-tion  capsules  \vas 
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from  a alloy  to  a nickt‘1  alloy.  matpriul  tm  tl»e 

ryUtulru’iil  i>ara('lmft*  canisttM*  was  chaTif^eil  from  a cobalt  alloy  to 
l)orvllnmi* 

Hvaek  abort  fUjhi 

Tlic  M(^I>omipll  i^nKlnclion  aipsiifp  was  flowu  on  n simiUatt^l 
otr-tliP-i>ud  abort  (raje<^torv  at  WalIoj>s  (slutid  on  May  URR),  The 
procJuctioTi  capsulp  was  mounted  on  an  Atlas-type  adapter  with  a 
produrtion  eafjsiile-to-adaptei'  <0ani[>  Ijjunu'b,  from  a simple 

sup|K)i-t,  was  vertical,  d'lie  tluaist  eec'entricity  was  set  so  as  to  nir ry 
(tie  (‘apside  (owsird  the  watei'.  A photo^^rapli  of  the  laimeh  is  shown 
ill  tifrure  IL  llie  hiffli  tlinist  level  of  the  est^ape  iwket  emised  peak 
aecelerat  ion  of  approximately  I5g,  as  planned.  Idle  seijneneiri^  sys- 
tem vvorke<l  as  ext)ec‘ted;  the  eapside  attained  a maximum  altitude 
of  "2,500  feel  mid  (he  paniehnte  lowered  tlje  rajxsiile  into  (lie  water 
:bt>00  feet  from  the  lanneii  site.  Tapsule  recovery  was  successfully 
etVectetl  by  helico]>tei\ 

Merran/  At  fas-/ 

'File  iii'sl  Al lasdaunclieil  McI>ouneIl  capsule  was  flown  duly 
l!)0(k  "Idle  Atlas  ^rnidance  system  was  ]m>^ramed  to  cans*^  the  cu|)- 
sule  to  reenter  aloiifr  a Irajeclot'v  wliich  woukl  ciu*se  maximum  after- 
body temiierarures.  The  reeiiti'y  would  also  result  in  maximum  re- 
entry deeelenition.  The  primai'y  objefaive  of  (his  test  was  to  (piulify 
the  (*apsu!e  stnu'ture  and  afterfiody  lieat  protection.  The  flight  pro- 
^i-essed  normaliy  until  approximately  I tiiinute  after  laumdi : at  tluit 
time  a malfuncHon  occurreil  wbicli  insulted  in  destruction  of  the 
humch  vehicle.  TIve  ca|jsiite,  which  was  intenmlly  [iressmazed,  main- 
rained  pressurization  and  transmitted  telemetry  I'ecords  until  it  ini- 
)>iicted  in  the  ocean,  ddie  capsule  did  not  carry  an  esnine  tower: 
consiH]ueiit ly,  t!ie  sefiuencin^.r  system  was  not  pixi^ramed  to  iWploy  t!ie 
parachute  after  n malfunction  which  occurred  eaidy  in  the  launch 
trajectory,  ddie  C4ti>sule  sank  aftei'  flie  \i\gh  vehK'ity  impact;  how- 
ever, nearly  all  of  the  com|>onems  were  ret'overed  fitiiii  I lie  wean  fl(K>r 
approximately  5 miles  from  the  launch  pad.  Fluctuating  pi'essmt*s 
caused  hy  the  Aferenrv  spacecnift  resulted  in  a stnu'tural  fat  I me  at 
the  l>(M)ster-capsule  interface*  Modifications  to  the  bcKister  and  the 
adapter  were  ma<le  |)rior  if)SubstK[ueut  flijrht-^^* 

Tile  [ireviously  mentioned  jii'essui’c  fluctuations  aiv  unique  to  (lie 
capsule  |)ayload  uud  d(j  not  exist  foi'  the  normal  Atlas  K'BM 
con  tipi  ration. 

*!/ errart/^A  f/as-J 

Idle  second  MercuiT-Alhis,  whii^ii  was  flown  Febniary  21,  BHJl, 
closely  matched  the  desin^d  trujedfHy.  The  fli^lit  was  pr^op'amed 
\o  produce  maximum  capsule  aftei-Iwidy  iem]K*ral ui'es  and  maximum 
reentry  loads.  All  tvs\  tiojectivcs  were  satisfied,  ddie  capsule  landed 
1,425  statuie  miles  downran^n%  bd  miles  slioi'l  of  the  ]H'e('om pitted  im- 
[ai(4  point. 

ddie  p<istfli^ht  condilion  of  ilie  capsule  shingles  and  ablation  heat 
.shield  was  excellent.  Maximum  temperatures  measured  on  the 
shifigh's  and  the  anienria  canister  were  lower  than  exjjected. 

The  Mercury-*Vt lus-2  booster  was  modified  by  the  addition  of  an 
S-inch-wide  band  a!  the  toji  iif  the  li(|ui<l  oxygen  tank,  ddiis  band 


FlGt  liE.  lK  “EJ(-ac  h abort  tr^t  of  ihr  Mcrcurv'  esrajjr  sv^lem. 
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LETTER  OF  TRANSMITTAL 


llui  sK  ni-‘  Hki*uksi-;ntati\ Ks, 

CnMMI'ITKK  OX  SriKXCK  AXl*  As^'I'HoNAI  Tt«'S. 

\y iishiiitjtan,  ItJ 

OvKKToX  HhooKS, 

('hinniint)J'onnitittec  fm  Srit  tirr  mut  Axfrt/tutuffrM. 

hKAit  Mk.  CiiAiiniAN:  Tht*iv  is  lorwaKl.-d  heriMvilh  Uh‘  .■ommltlor 

(•oMsi(U*n.li*m  a ti*|>ort  wititlnJ  "1’rojf.t  Meirury— Inttnim 

This  iTiHH  t on  this  rtmnli'v  s oiilv  nmi»*ni-spiui>  |>rofrnim  luis  Is'eti 
ortMitm..!  as  an  aiil  t»  tlie  (Vmjrtvss  ai«l  the  piihlie.  'I’he  rejXM  t sum- 
marizes the  riirrent  status  c»f  Projeet  MiU'etiry  ami  imsesses  the  a<*‘'<>m' 
nlishmeiits  to  <late  whieh  Imve  eulminfvte»l  on  May  ll*t|L  witii  the 
sueeessfiil  ImMislir  (lijrlit  of  Cotmlr.  Alan  It.  MtepanI,  I tlie  hrst 
aslrrmant  to  experienee  tile  eiivtrotmient  of  outer  siiare. 

Tliis  retioil  was  preparetl  utulet-  the  suiKu-vision  of  .Mr.  Howard  .P. 
.Silhersteiti,  who  wrote  tlie  itvl rodttrtorv  summary,  tin'  roneUisions, 
ami  edited  the  report.  The  Imlk  of  the  tiiformiitioti  was  provided  by 
the  Oliiee  of  Spare  Klitrht  Projrrains,  National  Aenmaut u‘s  and  Spare 
Adininistratioii.  Infmmiatlon  on  military  support  of  the  projwt  was 

provided  hv  the  Dejiartinent  of  I Pefense.  . , i 

'Phe  I'eport  has  l»een  fiiveii  proper  stalf  review  [irmr  to  its  submittal 
to  volt  for  ronsideration. 

CiiARi.i^  I*.  Dk’axdkk. 

/•Jrcnitivf  /f  iref'tor  a nd  Chief  Counsel. 
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%vas  installed  to  ivdiu-e  tiie  hlivss  t*(iric<^nf  rut  ions  in  rho  wtdd  joint 
irtjiiu^d ijitrl V Indow  iln»  iula|>lt»r  a* tuf’liniPiu  ilan^p»  Tlu*  lulapler  was 
also  s( nnifTt Innipd  by  (Ik*  sultUlioii  of  iviii foi^cdtijr  FijL^nro  lii 

slnnvs  tin*  slat  if  ti*st  liriii^jTof  the  lajostfr  at  ( 'iijh*  (^inaveraL 

j ?/  ^rr  ti  n/~  A / A/*v-.  / 

^^^*lTUrv-A tlns-3*  whieh  Inul  been  scheduled  as  an  orbital  fli^dU, 
was  laiiiicht'd  A]un)  25,  UMH  : however,  hef'aiise  of  a failure  in  (he 
Atlas  autopilot  prnfjramer,  the  iKiosfer  roll  and  pitch  pro^rram  was 
not  jH^tivated  anci  Id  s(*eonds  after  lift-oiT  the  raiiire  stife(v  ofheer 
sefit  a Imoster  dest met  ('Oimnand  which  cut  off  the  fuel  to  tlie  engines 
and  coTjcnirreTitly  initiated  the  ea|>snle  ahoi't  setpieiice.  An  aufo- 
im\ti<^  delay  system  {lestiaicted  the  booster  3 se^’onds  after  cajisule 
abort.  'I'he  ca|>sule  al>ort  occurred  at  14,un(hfeef  altitude,  'Fhe 
capsule  was  (*urrie<l  t(j  an  altiliide  of  24jtid(J  fret  and  landed  hOO  feet 
offshore.  AH  capsule  systems  ap]>eaitM!  (o  wot‘k  satisfactorily*  Tlie 
(Nipsnle  was  ret‘overed  in  gotul  <‘onditlon  and  will  lie  refh>wn. 

J/ errun/-h*fu/^fort/^J 

3'he  Kedstone  launch  vehlide  slifnvn  in  figure  13  is  used  as  an  inter- 
mediate range  test  vehicle  in  the  Mennii'v  ]>rograin.  The  tirst  Mer- 
(*nrv-KedstoTte  flight  oi^<nirred  Deceniher  Iff,  llKiO.  It  attairu^d  a 
maximum  speed  of  4,300  miles  per  liour  anti  a imuximum  art^elenition 
of  (>g.  Tlie  MR  ! (*apsule  reached  a peak  altitude  of  135  miles,  a 
rajige  of  22*5  miles,  and  em^ountered  5i4  minutes  of  zero-gi‘avity 
fliglit.  The  fliglit  was  successful  in  evei'v  res]>ect*  The  cajjsule  vou^ 
trol  system,  leti'oroc^kets,  st*]>aration  r<K-Ke1s,  c*ommuiiicatior»s  equip- 
ment and  recovery'  eciuipmeut  ftinctioned  jjrotjerly.  TIk*  capside  was 
re(’(>vered  soon  after  landing  i>y  a helicoj)(er,  wlncti  was  dis[»at(4ied 
from  the  aircraft  (‘arrier  Forr/f\ 

'riie  piir]>ose  of  the  Redstone  flights  is  tf>  tjiudifv  the  cat’^oles  dni'ing 
short-i'ange  ballistit*  Mights  j>rior  to  the  orbital  Higlits.  Manned  Red- 
stf>ne  fliglits  will  he  accomjjlisbed  after  a series  uf  uiunnnned  Mights 
wlieii  the  capsule  systems  have  [U'oven  sufficient ly  retiahle.  The 
Redstone  Mights  will  provide  an  excellent  opportunity  to  fully  qualify 
the  capstile  control  system  and  reirorocket  system  in  Hights  wldtdi 
will  not  re(juire  thesi*  systems  for  the  completion  of  a suc(*essfu]  and 
safe  missioTu  'These  flights  will  also  ser  ve  lo  develop  pilot  [U'OrTilui'es 
and  ground  conn'ol  |n>M*edures  which  can  be  iise<l  in  the  f>rhital  Miglits, 

J/c  rnuy-Iied^  fan 

The  sei^oml  Mermrv^Uetlstoiie  was  sueressfullv  flown  Janiiai'V  31, 
liHH.  Hecause  the  booster  engine  operated  at  liigdier  than  noianal 
thrust,  the  Redstone  burned  out  at  ap(>i'oximateI y 4(H)  miles  per  Ikhit^ 
higher  veloeify  than  planned,  Kngine  fuel  <le]>letion,  whi<*h  rx'tmrred 
sooner  than  expected,  triggered  the  l>ooster  automat i<‘  abort  sensing 
system  ami  alxu'ted  the  i*aj)siile  with  the  escape  rockei, 

Tlie  resubani  higdi  <*apsule  vel<K*ify  pt*oflnced  an  nt^ogee  of  !5U 
St  at  life  miles  and  a t'linge  of  42!  miles : 1 1(5  miles  fan  her  t luui  expected. 
'The  <-a|>sule  experienced  tj.f>-tniimtes  duration  at  zer*o-gravity  and 
encountered  acceiei'af ions  during"  escape  rocket  firing  and  reentr'V  of 
ITpaiid  14. (Jg,  respect iveiv. 


Kitii  HU  li*  -MfTf  un -Allas  «iaiU  }cs%  iirinti 
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Figure  13, — Mer  cur)"- Redstone. 
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\y8uuI  (jl)S^*rviuions  from  ii^t'overy  uiivraft  iTVcah^d  tluit  tliiM'upsuU* 
H(>jito<l  u|jrifrh*  for  aj>pn)xiiimre!v  hnui-^?,  tluRi  IutUmI  ovi'v  when 
the!  Iiput  shitdd  dropjjfd  away.  l\)stnifrln  rxiunihatioH  slmwetl  lUnl 
itu^  nrjpuft  hajj:  Iiad  nuijrued  dae  to  sc^vpi-e  wave  action.  Future  cap- 
sules will  utilize  amdio]’  eliains  whicii  will  [>j-event  loss  of  ihe  lieat 
shield  after  lantlin^. 

Tlie  chimpanzee,  wldndi  was  uiK^aiil  tins  Mijjrhi,  successful ty  jM^r- 
foi'ined  his  psychoniotor  tusks  und  was  ivcovei'ed  in  frood  heultln 


hoasfer*  t/ere/opme/tt  fe-st 

Hecause  of  the  inn  I function  on  the  previous  flight  and  Inaanise  of 
ii  clmn^e  in  the  control  system,  anotlier  t)of>s!er  was  hinnclied  to  (piulify 
modified  comj>oneiits  prior  to  manned  flight.  'Dus  lest  was  flown  on 
Maivli  llMiL  with  a hoilerphite  nonseparuting  caj>sule  mounted  on 
tlie  b(K)ster\  The  launch  wassiicc^essful  in  every  1‘espect. 

Aferm  n/-/i*edstot}e.^i 

On  Mny  5,  ISthL  Astronaut  Alan  li.  Sliepard  flew  a Mei^niry-HcKl- 
stone  mission.  The  flight  attained  an  u|K>gee  of  117  statute  miles 
and  a range  of  *M):i  miles;  duration  at  zero-gravity  was  a minutes, 
Xo  nil  foreseen  i)rohleins  were  encountered  dui'ing  the  fliglit.  She|>ard 
reporled  Itiaf  the  angular  motioiis  of  the  capsule  in  response  to  the 
inarnml  control  system  were  identical  to  tlios^*  of  the  flight  simulators 
in  wtdidi  lie  trained.  Mamiat  confi'ol  during  retrf>firing  was  unex- 
pectedly easy,  indicating  that  retrorocket  thrust  misalinement  was 
smalh  He  felt  that  the  launch  and  recmtry  accelerations  were  identi- 

-h' 

cal  to  thosi^  which  he  liatl  experienced  many  times  on  the  human 
centrifuge.  So  dilhcully  was  enc'ountered  with  respe<*t  to  zero-gravity* 

Shepai'd  also  felt  tliat  be^uiiise  more  visual*  acceleration,  and  audio 
cues  wei-e  pi-esent  during  Higlit  than  in  the  simuIutoi‘s,  lit*  hatl  [jostive 
assurance  of  events  such  as  cajj.sule  separation,  est%i|>t*  tower  jeiiison, 
retrofire,  reti^n|>ack  jettison,  ami  paracfiute  deployment. 

After  a niihl  landing.  Slie|>ai^d  opened  llie  side  halcti  ami  was  raise<t 
into  a hovering  helicopter  (fig,  14).  'Flie  lu*llcoj>ter  then  flew  to 
the  waiting  aircraft  carrier  Lfd^p  Figure  lf>  shows  Shep- 

ard ami  the  capsule  aboard  the  nu  riei‘, 

Ff/hire  f iffhf  prtHjram 

Manned  Meiyurv* Redstone  flights  will  continue  in  Tiie  piii^- 

pos<*of  additifmal  Redstone  ttighfs  is  io<)uuiifv  u modilied  capsule  con- 
figuration and  determine  the  reaction  of  vanr>us  pilots  to  a space  en- 
vironment. 

A(hlitif>nal  nnmanned  Atlas-orhital  (lights  will  \n^  attempted  jirint^ 
lo  maniHHl  orliital  flight.  'Fhe  ability  (d‘  the  At  his  guidance  system  lo 
vector  1 he  Memirv-Atlas  to  the  <‘orreci  altitude,  vel(><4iv,  and  flight 
t>atli  Jingle  tiiust  U*  deimmsf  rated : ilie  capsule  systems  must  lie  fjuali- 
tied  in  a prolonged  vacuum  and  zer<^-g  envii-imment  ; and  tlie  network 
must  demonstrate  its  ability  to  track  the  capsule  and  monitor  the  cap- 
sule systems. 
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'FliAt'K  lX(i  AX!>  ( \}M  M IMCATR  iXjS  X K I WOHK 

(rpn^raf 

In  tile  Mt*iriiry  mission,  man  and  niiu'Iiine  tofrtulier  will,  for  tlie  Hi's!- 
lime,  Iw  snbjerled  to  a spaoe  ami  wei/rhHess  enviroiuiieiif.  It  will, 
tlierefore,  be  desirable  to  keep  the  nmnber  of  orbits  on  inillal  flights 
to  a iTitnhnum.  On  f he  otlier  hand,  it  will  1.h^  bij>:Iily  desirtdde  to  allow 
sufficient  time  for  jjrecisiun  orbit  determijml  ion  in  ordei' to  s[H*ci  fv  t he 
eoi^ivct  retrotii^  point  for  a landing  within  the  desired  area.  ^\'ith 
these  eritcn'ia  in  mind,  a maximum  of  thiw  orhits  was  cliosen  ff>r  the 
first  manned  orbital  Higtu. 

A nninlH>r  of  c^onsiderations  wei*e  taken  into  account  to  determitie 
the  most  desiml>le  launching  azimutli.  Tliese  wei-e  : 

(1)  I ^se  of  existing  ground  support  instrumentation  stations 
tlmiughoiit  tile  world. 

(i)  Use  of  tlie  Atlantic  Missile  Range  us  tlie  launeii  area  and 
the  impact  area  after  the  third  orbit. 

(3)  An  orbit  whicli  iTmained  over  tlieeontinenta]  United  »States 
for'  a consitlerable  poilion  of  its  flight,  allowing  coni  inuous  track- 
ing, lK)tli  dni'ing  the  or'bital  flight  and  dni'ing  rwntry. 

For  tliese  reasons,  a northeast  launch  from  Cape  ('amiveral  was 
ciiosen.  The  noilheast  launch  whicli  was  selected  I'esults  in  an  orhital 
inclination  of 

By  following  the  map  {fig.  lb),  it  is  seen  that  the  fii^t  orhii  [msses 
just  s^mfii  of  Hernnula,  south  of  the  C^amu-y  Islands,  jicross  Africa, 
over  the  Indian  Ocean,  and  over  llie  Anstialian  ilissiie  Range  at 
^VfKunera.  'I'lie  track  then  passes  across  the  Solomon  and  Photmix 
Islands.  Tlie  or'hit  then  interstn'ts  the  Mexiciui  and  soul  hern  ('ali* 
fornia  coast,  passing  over*  the  sonfliei'ii  Unitetl  States  where  a umnl)er 
of  available  instnimention  sites  ali'eady  exist,  such  as  the  Pacific 
Missile  liangis  the  White  Sands  Missile  Range,  the  Eg! in  Air  Force 
Base,  as  well  ns  the  ('ajie  ('aiia\*era]  complex.  The  third  oidut  pusses 
within  close  proximity  of  Ilavvati,  a very  tlesir'able  l<H‘ation  for  radar 
tracking  atul  command  of  the  retrot imer,  since  dii'eiH  tiard-line  com- 
munication is  available  from  Hawaii  to  tlie  continental  United  States. 

In  making  tlie  choice  of  the  nunitier  and  hK^ation  of  the  vainons 
ground  instrumentation  stations,  a number  of  oflier  criteria  were 
estublisheth  These  include: 

( 1 ) Tlie  desiiv  to  have  continuous  tracking  from  Ua[ie  Uunav- 
ernl  (imnigli  Bermuda  for*  accurate  orliital  determinations  and 
tc>  have  real-time  lelemetry  and  continuous  voice  contact  during 
this  time. 

(:i)  The  ability  to  reset  tlie  ret  rot  inter  conveniently  on  each 
oii>it,  as  well  as  having  tlirect  gimund  t^ommand  of  the  ren^oHring 
during  eacli  orbit. 

(^)  'Hie  need  for  i*ont immus  c'onfa<*t  witli  tlie  capsule  <hiring 
laimch  ami  a reasonal>Ie  length  of  lifue  follovving  orbital 
insiMtion. 

(4)  A desir'e  to  maintain  fre()ue!it  voice  and  telemetry  contact 
with  I fie  capsule. 

'riie  need  for  continuous  imiiaci  pi*edicfion  in  case  of  an 
early  al>ort  itnpnriiig  impact  in  the  Atlamii*  Ocean,  or  during  an 
early  reentry  if  an  emergency  slioiiid  fK'cur  after  orbit  injection. 
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TRACKING  & COMMUNICATIONS 

NETWORK 
Profect  Mercury 
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All  of  tliese  nin\  nmny  other  requirenieiiti^,  hiised  on  prufticjil  and 
econoinir  Hiidrsitionsj  resulted  in  a network  of  stations  as  indirated 
in  tiil>le  V*  I'he  stations  transmit  trackinjir  tlatu  to  a central  (‘ompnt- 
injj  faeility  lorated  near  Washinj^toiq  I>,(\  'Hu*  operation  rontrol 
renter  ishx'ated  at  ('ape  ('ana^'eralp 

Hecause  of  the  ci'itieal  period  dnrinjr  launrli  atul  (irhital  insertion, 
ailditiomil  txnnputinfr  farilities,  otlier  than  tliose  at  Wasldn^ton,  are 
required  at  ("aim  ('anavtu^al  and  at  Henmida*  Tlie  (General  Klertric 
(’o.  ^uithinreand  tlie  Burroufrhs  coin piitiiifr  systems  will  be  the  primary 
sourre  of  inffiniiation  for  the  ('ape  ('anuveral  rotdrol  renter,  sinre  it 
is  tlds  system  which  performs  the  guidunre  fimrtion  of  tlie  Atlas  mis- 
sile. These  data  will  be  used  to  calculate  the  laiindi  trajectory  and  or- 
bital insertion  parameters  wliicli  are  to  be  displayetl.  Also,  since  this  is 
the  critical  pimse  of  the  mission,  the  Azusa  and  FP8-lh  radar  systems 
at  ('ape  ('aiiaverul  will  provide  backup  information  foi'  tlie  same 
displays  in  the  control  center  slitmld  a malfunction  of  the  Atlas 
ground  fruidiuice  system  occur.  This  redundancy  is  necessary  since 
information  on  the  capsule  |)Osifion  and  yelocitj'  will  l>e  required  in 
order  ti)  make  the  proper  abort  detdsions  if  a giudance  failure  (ktui'S. 

A very  hiirh  reliability  radio  communications  system  l^etween  ('ape 
(’anaveral,  Washinjrton,  and  Bermuda  must  l>e  provided  to  transmit 
real-time  tnijectory  <}ata,^  However,  because  of  the  inability  to  pro- 
vide a 100  |)erceiit  reliability  factor  ami  the  absolute  ne<*t*ssity  of  mak- 
ing' important  command  delusions  at  Bermuda,  it  is  necessaiy  to  | pro- 
vide redimdant  computing  facilities  at  that  site. 

'^riie  ground  instrumentation  system  for  Project  Mercury  will  con- 
sist of  IK  stations,  a com|)nting  and  communications  lauiter,  and  a 
(*ontrol  center*  Of  the  IK  ground  stations,  11  will  be  equip|)e(t  with 
hmg-nige  preidsion  radars  and  will  comprise  the  tracking  system. 
Sixteen  of  the  stations  wilt  he  equippeti  with  telemetry  receivei’s.  All 
stations  will  lie  linked  with  the  comimling  and  control  centers  by  a 
comimmications  net  work.  Major  iHiui|)meni  at  tlie  individual  statnm 
is  listed  in  talkie  V. 

Kight  of  the  eighteen  stations  and  tlie  control  center  will  lie  h>cated 
on  inilitarv  tracking  ranges  wtiere  use  is  made  of  existing  radai'S  and 
other  fafulities.  At  these  hx^ations,  a major  part  of  the  mpiiied 
eijuipment,  including  most  of  the  tracking  radai'S,  is  now  in  existence 
and  will  he  made  available  for  this  project,  (These  Icwaitions  involve 
the  Department  of  Defense  test  facilities  and  the  ( 'onmum wealth  of 
Australia,)  NASA  will  arrange  for  the  use  of  this  equipment.  Tlie 
s('0|)(M>f  Depart menl  of  Defense  part icijmt  ion  in  tliesuppoH  of  Pi^oject 
Memiiy  oj>erations  is  given  in  tlie  ’"Overall  Plain  DOl>  8u|qjoit  foi' 
Project  Meivurv  Operal  ionsr  dated  January  15,  BHWh 
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Major  of  ravh  HtaiUm 

1*  Four  Hons  of  tnu^kh\tj  a ad  (jmuad  hxHtruoieatatioo  Kyxfrto. — 
TIjp  mu'kln;;  jiml  yr<mrnl  inM nmiiMitut  ion  systinns  \vU]  provide-  al! 
the  finu‘t  i<ms  lUM-Kssiiry  for  ^rniintl  ctmt  rol  und  monitorinj«r  of  tdl 
]^hllse^^  f)f  tlie  flight,  Tims,  it  will  proviilv  v(Hifiiiuous  prvdivtioii  of 
the  loniiicm  of  the  e;q>siiie;  will  monitor  tlie  status  of  the  veliiele  itiitl 
twcufijuit;  ami  will  |>einuit  ilie  extuvise  of  the  (‘onmnnid  fuiieti(>ns 
neeessnrv  foi*  (fie  mission.  An  in-list  s sketfdi  of  a ty]>inil  eommuiul 
stiuion  isslmwn  in  fi^mre  17. 

Idle  funetionstif  truekiufr  an<t  ^i'ouinl  instrumentation  systems  are 
eom|)leted  wlien  the<ai]>sule  has  Imidetl  amt  (he  U»st  [Hissible  informa- 
tion on  the  hM^atiim  of  landing  ptiiiit  has  In^en  su|)plie(i  to  a i-eeovery 
teunn 

2,  Major  /ma*/fo/t.v  of  MiationM, — 

(^/.)  (^ipe  {^inavei'iil,  Grand  Bahania  Island,  ami  (iniml  Turk 
Island:  4'lie  functions  to  Ix"  performed  at  ihew  stuliotis,  as  discussed 
herein,  involve  several  loeatitms  in  tfie  AKMTG  complex  fin-  trackiiiji:, 
telemetry,  and  vehicle  cnmmnni<‘iitions.  It  is  fiec'essarv  to  utilize 
iHpupment  at  t\ii>e  ('aimvend,  Grand  Italnmm  Island,  ami  Grand 
Turk  Islatid,  The  use  of  ('a[>e  Canaveral  ami  timnd  Hnhama  is  iv- 
ijuired  duriuj^  humcli  lx‘c*ause  of  look  au^le  ]}t‘oblems  and  tlie  asscnn* 
atetl  capsule  antenna  [latterns.  (Jniml  Turk  is  needed  to  provide 
coverajre  during  tlie  Hnal  phase  of  I'eentry  where  altitmle  limits  tlie 
raiifre  of  t he  stat  ions. 

From  |?relauneh  t hrou^h  inserl ion,  com imious  relemet ry*  voi<‘e 
I'ominmrn^at ions,  ami  cmnmand  caj>a!>ility  will  Ik*  ]U‘ovided  to  the 
control  (‘entei^  ami  trucking  data  will  1h^  n*iinsmilted  to  the  <*ompui in^ 
center, 

(During  this  same  periiHl  either  <latu  will  lie  made  availaVde  to  the 
AlercuiT  c(nitrol  ceniei-  and  will  [irovide  trat*kin^  data  from  tlie  Atlas 
outdance  system  and  FFS^U)  to  tlie  (‘omputiim  4'hese  data 

are  sepai*ale  from  tlie  fum^tion  of  tlie  station  as  iUs<'usse<l  herein,) 

Dnrinjx  siu'cessive  passages*  the  station  will  |U‘ovide  t nicking, 
telemenw,  and  voice  t'oinmunication  cc^vera^e,  ('ommand  capability 
is  also  maa^ssaiT  iii  order  to  permit  I'esettin^  the  retroliriii^  pi'o^ranier 
and  (o  fiiruisli  cnmmaml  tmckup  of  certain  internally  pt^j^ramed 
events liurin^  reentry  and  lamlirij^, 

(7i)  lieianuda  : 4'be  Bermuda  station  vvill  deteianine  if  the  capsule 
has  IxHUi  i>laced  into  an  acce|)tahle  orbit  ami  etlect  an  emergency  land- 
ing in  one  of  the  major  recovery  areas  if  tlie  trajecfurv  is  not  accept- 
able, Tra(*kiiifr.  (‘omputiny*  telemetry,  and  t‘ominand  eiiuipinent  will 
lx*  provided  witfi  the  capaliility  to  pet^fonu  this  fuu<'i!on  esstmtially 
independeru  of  data  fi‘om  tlie  launch  site. 

Other  functions  may  Ix^  as  follows: 

(1)  To  laminiand  an  alxirt  at  the  direction  of  the  contr<jl  ci*ntej'  in 
the  event  of  serious  capsule  equipment  failure  or  pilot  ttiHicnlry  late  in 
the  launch  phase, 

('J)  4'o  command  an  aluul  as  direiUed  hv  the  control  center  f(*r 
impact  in  a major  recovery  area  in  the  event  of  certain  [iropulsion  or 
guidance  system  mulfnnctions. 

(3)  If  the  (Hjrfit  is  normal,  tracking  and  data  f ransmis^itm  to  tfie 
computiiifi  (’enter  will  be  required. 
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PlCiLRE  17. — lypiiTal  Project  Mercurv'  network  station. 
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(4)  If  thp  is  not  normaU  impart  |)oiiLi  ^vill  laM'oinpiit(^il 

foi‘  ust*  l>y  tin*  Hpuivh  iintl  rtHH>vrrv  ^run|), 

AfitM-  a successful  ins(»i‘tion,  tfic  Bei'imnia  ststtion  must  provide  iior'- 
mal  r r'jickiny"  arul  vchirlc  coninuiiiiciitioris  on  surcessivti  piusst\s. 
statioti  must  also  iransjuit  commnmis  to  rcMM  the  reti'otirin^  t imeiyas 
diiTi'tcd  [>v  tlie  control  renter*  fn  t be  event  of  an  emei^'jrencv  larniin^ 
Ilf  the  end  of  I lie  first  or  sec(HHl  passa^^e,  t rackiuir  ami  ronipiUation  of 
t lie  landing  [)oint  are  reijuiml* 

(r)  Atianfic  ship:  This  station  will  provide  lelenietry  and  v<>ice 
(*ominnnication  c^ovei'a^Fe,  In  the  ai^ea  of  llie  nnd*Atlani if-  on  alf  tliree 
passes. 

'Fhe  tajui j)ment  recjiiireil  for  this  stat  ion  will  lie  ]>laced  ahoai^d  a (lov- 
erninenf -fnrnishefl  ('l-.\[-AVl  ship. 

(//)  (iraml  Caiiaiy  Island  : This  sliif ion  will  provide  notanal  trark- 
iiifT,  telemetry,  and  voice  communicat ions  coverage,  for  the  lii’st  and 
second  passes  in  ilie  ji^enei'al  area  of  noHlnvest  Afi'itau  In  tlie  event 
the  mission  is  aborted  near  the  insertion  (>oint,  tlie  station  will  j>j‘f>vitle 
reentry  ti'tickin^  and  landing  [joint  tocation.  'Fills station  will  pr-ovide 
<hifa  on  landing  location  diivclly  to  tlie  hx^al  I'ecovery  icam* 

(c)  Kano,  Xigeria  ; 'Fids  station  will  jn-ovide  normal  telemetry  and 
voice  communications  coverage  on  pass4*s  1 and  in  the  general 
area  of  cent  nd  Africa* 

{/)  Zanzibar:  This  station  will  provide  normal  telemetry  and  v'oice 
communications  coverage  on  [>asses  1 and  "J  in  the  general  ami  of 
east -cent  nil  Africa, 

(r/)  Fridian  Ocean  ship:  This  station  will  [provide  telemetry  and 
vfiice  commit  nir  at  ions  coverajre  in  the  area  of  the  in  irl*  Indian  Ocean 
on  all  tliree  iJiisses.  The  e<jui[>ment  recjuirixl  for  this  station  will  la* 
phu'ed  on  Ixmrd  a Oovei^nnientTurnislied  {’1-M-AVl  ship. 

(h)  Muclieu,  Australia:  This  station  will  provide  tracking,  telern- 
etiy,  and  voice  conimmdcaf ions  covenige  on  all  three  ]>usses  of  a 
normal  mission  and  transmit  command  functions  as  ivcjuired.  dVack- 
ing  ilata  otjtained  at  this  p<uiit  in  the  orbit,  which  is  approximately 
IHO®  fmni  the  point  where  insertion  clata  niv  ohtaiue<l,  will  lead  to  t la- 
most  accurate  orbit  determinat  iom 

If  au  emergency  lauding  is  re4tnired  at  tlie  end  of  the  Hrst  c>vl>it, 
I he  Austt^alian  station  will  lie  instnicted  fi'ijni  the  cont  rol  center  to 
rest'f  the  ca|jsule  timer  for'  tir'ing  <d*  r'el rorockefs  !it  tla*  |>roj>er  time  \ti 
initiate  reentry  aiul  landing  into  a jirepared  recovery  art^a  otT  the 
east  coast  of  i he  Ignited  Srates* 

( /)  \Vooniera*  -Vuslmlia:  'Flie  TWamiera  loc-alion  will  provide  (’- 
band  frai*king,  telemetrv,  and  voice  communication  coverage  on  orbits 
rvne  and  two*  'Flie  XASA  will  make  arrangenamfs  witli  the  W'eapons 
Keseareli  Ksf ablislimetil  of  Australia  for  o)>eratioii  and  use  of  an 
FP8-Ui  radar  located  at  lVoomei*a. 

(y)  ranton  Island:  1'his  station  will  [jioviiie  nonnal  teleiiictry  and 
vni<^e  commuuical  ions  (-ovt^rage  on  passes  one  and  two* 

Kauai  Island,  Hawaii:  'Fhe  function  of  this  station  is  to  jiro- 
vide  trardxing,  telemetry,  and  N fiic-e  communicat  ions  on  passt^s  t wf> 
ami  finite  and  to  transmit  <*ommand  fnmaions  as  reqiiiretl.  'Fids 
station  also  maintains  v<Mce  eomnmnicat ions  with  tlie  cfintrol  center'. 

(/)  Point  Arguelhj*  ('alif, : 'File  futictinji  of  this  station  is  to  prendde 
trai’king,  telenietiy,  and  voi<-e  c<mininnicat ion  covei'iige  for  [lasses 
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two  and  three,  and  to  transsinil  ('nniiimml  fiinnams  re<[uii‘ed*  The 
station  als<»  maintains  vulev  eonimunieat inns  wiih  the  control  cervten 
'rids  St  at  ion  j>rovitles  the  lirst  traehiu^  data  after  reentiT  initial  i<m 
on  jmsses  two  and  tht'ee.  'retemelrv  tint  a rtnanved  will  indieate 
wlietlier  tlie  retrornrkels  hare  hetni  fired  at  the  |>rn^nniied  time*  If 
liot*  tins  station  will  (.■nnmmml  relinlirin^  to  iniliat<‘  reentry* 

( ^// ) (fuaynms^  Mexico;  The  functic)rj  of  this  station  is  to  jn'oride 
t rat^kin^,  ti‘leinetrv\  and  voiet*  eomninnii*at ions  eorei'si^e  for  passes 
f)tie  and  two  ami  tft  trajisndl  eommiuid  fiinetions  as  retiidred.  'The 
station  alsf>  maintains  voice  coinnimdeations  with  the  iarntrol  center, 
'rids  station  provitles  the  lii’st  traekiny:  data  after'  i^eeni ry  on  pass 
one  slunihl  this  he  I'eqiiired*  d'elemel ry  data  received  will  irulicaie 
whetirer  tlie  ret rtirockels  have  Ireetj  fii'ed  at  the  [n’o^nuned  time.  If 
not,  (Ids  station  will  connnam!  r'et rndrini^  to  initiate  reentry. 

{/#)  U'hite  Samis  Missile  Kange,  N,  Mex.:  'This  station  contrihntes 
to  tlie  tamtinmnts  trai'kin;!  coverajre  in  the  I'liited  Slates  on  all  three 
nrhital  faisses,  nsinp  an  existing  FPS  Ut  r^udnr  iii  ^Vhite  Sands* 

(^>)  (’'orpiis  ('hristi^  4 ex*:  The  station  in  sontliern  4Vxas  provides 
t riod<in^,  lehnnetry,  ami  voice  commiinicai ion  for  all  thrta^  jmsses  and 
mntrihnles  to  coni iruiotis  co\era^e  of  the  reentry  trajeclorw. 

(/>)  hj^Iin  *\ir  Forta^  IVase,  Fla,:  4’he  function  of  this  station  is  to 
contribute  to  ront  iiiiioiiH  tracking  i^overaj^e  in  the  United  Stales  on 
all  orlilial  pusses*  l>afa  transmission  is  re<pdi'ed  from  hjjLrlin  lo 
A FM'r<\  triexteml  the  I’lnnit ry  trajectory  [dot  at  the  Mercury  i'onlrol 
(Vnter,  1'(detV[)e  tracking  data  will  he  sent  the  <*ompiitin^  center, 
NASA  will  use  at^  existing  F]*S-lt»  ('-hand  ratlar  and 
pS-haml  I'lidar  at  t!ds  sltoion* 

(//)  Ffmijmtin^r  amt  ('oimimnicailons  renter,  (haldard  Space 
Fliy^Iit  renter-;  'rhe  <^oniputin^  am!  cf>tnnmui<*at ions  ctmO-r  is  hwated 
at  the  {Joddard  S[tace  Flight  ('enter,  (irvenladt,  Md.  'Hie  pinrnary 
fumaioris  of  the  com[)utin^  ami  cormuiHdi^at ions  center  will  include: 
t I ) I Jiir'in^  orliital  Mi”:lit,  the  center  will  (ami|>uie  and  I ransmit 
lo  t he  r-etpiiivc!  shu  ionstlie  followirj^r  information  : 

{a}  ParameteT’S  descrihin^f  the  trajectory. 

The  predicted  loeaiion  of  the  capsule, 

(r)  I'he  |ii'e(li<ied  location  of  inipaci  for  emer;zency  re- 
entry* 

{^/)  'rime  to  lire  ret  ixinw-kets  to  land  in  next  recnvetw  aiva. 
(c)  Time  to  fire  retn>ro<*kefs  to  accnmidish  n mu'inal 
larulrn^^ 

(2)  I >nrin;r  reentry,  the  i*enter  will  provide  amt  transmit  to  the 
(^ontro!  center  contimioiis  [predict ion  of  tlie  lamlin^  point  on 
essentially  a reahtime  Imsis* 

(M)  'rhr'oii^honi  (he  entire  oj>eration,  t!ie  f^enter  will  jirovide 
acqiiisitifm  informat  ion  to  ai!  field  sites, 

(1 ) 4 tie  (‘enter  will  serve  as  tlie  main  commuidtauinns  terminal 
for  file  *\Ier^curv  o|»enitions,  roiniiimd<-ations  to  all  held  sites 
will  [jass  tlinm^li  the  center‘*s  (Mvintminicaf ion  area,  and  the  ap- 
propriatf^  switching  atid  moidtiR'in^  facilities  will  he  ]jrovided. 

(,‘i)  Diirin;^  launch  and  insertion  the  f^ompiitimi  center  will  re 
reive  (racking  dal  a from  the  ('apt*  ('anaveral  tracktn^^  systtans  In- 
clndinir  the  ( I liiirnniirlis  (luidance  System*  I ’siiiif  tiies**  track' 
in;i  data  in  <^onihimUion  witli  S('1ected  telemetry  flata.  ttie  ('enter 
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will  rnin[)ute  *uk!  8tMnl  djitji  for  disfilays  at  tlir  i*ojitrol  rrnlrr 
suihtblB  foi'  the  following  fmjcfions: 

(^^.)  Moiiitor  tliB  lamu'Ii  to  iletermitie  If  the  (»rbit  at^iiievetl 
is  sutisfucloi'y* 

(ft)  If  the  orbit  is  rH>t  u<H'eptal>le,  determine  timers  of  retro- 
tire  to  in  11(1  in  several  desifrmited  reeovery  niviis* 

(r)  Uetennine  eapsule  litmiinfr  point  and  present  position. 
(r)  (^)iUrol  Center,  (’ape  Cannvenii:  An  existing  Imildin^  at 
AFMT('  is  nsetl  for-  the  NASA  Merenry  (’oiUrol  (’enter. 

The  function  of  the  control  (*enter  will  l>e  to  j)rovide  (‘ontroj  iiml 
coordination  of  all  sictivities  associated  with  the  l^i‘oject  Mercury  op- 


eration. The  necessary  coriiinunicatioim,  displays,  and  control  e(pnp- 
ment  will  fte  pi'ovided  to  [lerform  the  following  basic  functions r 

( 1 ) ( 'oordimition  with  the  lilm'kliouse  and  central  control  dm*- 
injj  Inuncli,  including  rnonitorinjr  of  vehicle  |>ro]>nlsifm  and  guid- 
ance, and  assist  mice  on  ran^e  safety* 

{*2}  {’ontrol  of  all  stations  outside  Cape.  Canaveral. 

(iJ)  Monitorin^r  of  pilot  and  ca]>sule  systems. 

(4)  Instructions  to  pilot. 

(5)  Inflight  trajectory  monitorinff, 

(fi)  Commands tocapside e(]ntpinent. 

(7)  Initiate  emergency  aborts  during  launch  atid  insc*rtion. 

(8)  Initiate  emergency  landing  at  completion  of  fit*st  or  second 
passage. 

({>)  Initiate  normal  reentry  and  landing. 

(10)  Sup[)ly  landing  location  informatirm  for  seandi  and  re- 
covery team. 

Fiinrtion  of  th^  ration  — Existing  NA8A  buildings 

and  land  at  the  NASA  Wallops  JStution,  Va.,  are  being  used  to  estab- 
lish a temporary  station  consisting  of  selected  items  of  equipment 
identical  to  that  used  at  remote  sites.  This  equipment  has  been  in- 
stalled and  tested  to  determine  [lerforniance  characderisties  and  suita- 
bility for  the  Menniry  mission.  Field  modifications  and  test  piwe- 
dures  are  l>eing  developed  at  lliis  site.  The  technical  information 
develojied  at  this  site  will  be  ajiplied  to  the  remote  Mercmy  sites  tcj 
bring  all  sites  up  to  the  perfonnance  re<iuired  for  the  Mercury 
mission. 


O round  romniunWiition  nyiitem 

The  purpose  of  the  Mercury  ground  coimnimicutiori  system  is  to 
provide  a communications  network  connecting  18  range  stations 
around  the  world  with  tlie  Goddanl  Space  Flight  Center  at  (Jreen- 
belt,  Md,*  aiul  the  Mercury  Control  Outer  at  ('a[ie  Canaveral,  Fla., 
as  shown  by  the  accotu]>anying  world  map  and  circuit  layout  (figs.  IK 
and  15)).  The  system  will  cany  telephone,  teletypewri(ei‘,  atul  high* 
speed  data  information.  Electronic  comjHiters  at  Goddard  will  prca*- 
es.s  incoming  data  and  provide  as  its  output,  :ic(|ui.sition  messaiges  and 
otlier  related  in  form  at  ion  to  all  range  stations,  Tel  ety[)e  writer  in- 
formation, into  and  out  of  Goddai'd,  vvill  be  handled  by  an  automatic 
tcletyiiewriter  switching  system.  A significant  portion  of  the  truttic 
over  the  system  will  tie  information  generated  automatically  by  ttie 
radars  or  computers  and  transmitted  at  teletypewriter  speeds.  Gen- 
erally, 60  words  per  minute  transmission  will  be  em|iloyed.  For  higli 
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FiciirRt  19.— Ground  communications  circuit  layout. 
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f)rioi'ity  f nirtit*  lu^twoiMi  (intMiird  ami  ( iipc  runiUTniU  tel<*ty]iewriti'r 
rimiits  <'tvpahle,  nf  t timKijiitt  in^  Uu>  words  ptM'  mi  mite  will  t^e  nro- 
vided,  lli^li-speed  datii  cdtvuits  between  tlie  r*fmi|mlei's  t\i  (lodthu'd 
imd  ("ape  Cimaveivil  will  be  pr-ovided  to  Imndle  1lie  birfre  volume  of 
data  flow'iiif;  I >e  tween  tlies«‘  two  points, 

'rhe  roninmnieal ii>TT  system  for  Project  Mercury  comi>rIses  ap]>ro\i- 
nmtely  l2ri,(K)0  turcuif  miles  (about  Tidies  of  teiel  v]>evvritcr  eir^^ 

cuits:  iS2,'2(H>  ndles  of  (ele|>hone  circuits  and  4jSO0  miles  of  td;rb -speed 
data  turcnits)*  'Phe  de^ifrn  of  ibis  system  lias  Ikuui  yea  red  to  provide 
a reliable  commnnicut ion  net\vork  that  can  1m>  ex]>anded  economically 
as  the  need  arises,  Ib^opayation  studies  Inive  Immmi  made  to  side<*t  Uie 
most  relialde  radio  routes  foi'  both  priiimiT  t*‘aflu‘  and  for  backup 
Backup  facilities  wore  provided  for  those  routes  where  it  appeared 
economically  feasible  and  necessary. 

One  of  the  reftnirements  in  settlny  up  the  yroimd  communication 
system  was  that  leased  fatdli1i(^s  wonbl  l>e  iililizetl  wlici'cver  faissible. 
To  tlds  extent*  neyotiatious  have  been  (*arried  fuit  and  are  conlinnitty* 
with  i^ommiiiiication  canders  at  home  and  abr-oad,  oullininy  the  re- 
♦ pHrenients  foi'  Prijjeid  MeT'ciiry,  'Pbe  importama^  of  sa  feyuardiiiy  I he 
system  ayainst  any  ff>reseeable  interrupt  ions  has  la'eii  stresseil  and  a 
suitable  j)n»yi'ani  set  up  with  the  <an*riers  forliandliny  Mercury  Iratlic, 
fjarticidarly  with  respect  to  the  oversea  radio  links, 

AVifbin  (lie  X(U'lh  American  ('oiitinent*  |>ractically  all  (be  cir-niit 
fatdlilies  will  be  provided  by  the  otu^raliny  tauniKudes  of  the  Bell  SyS” 
tem  iiTul  indejumdetit  cairrieis,  (Julside  ibe  North  Ameri(‘an  Con- 
tinent (he  <'mnmuni<^at ion  fmdliiies  will  U*  a combination  of  leaif^Hl 
and  (uuist  nnUed  radio  and  wire  circuits.  The  follow iriy  oryani/.at  ions' 
arc  ])atlicipiitiny  in  sipiplyiny  cornmunii^fU ions  for  Ih'oject  Met^iuirv: 
American  IVlephone  A Teleyraph  ('o,  i^oiiy  Bines  I Jejjarl  ment. 

Be  ram i da  Telei  dione  CV), 

Brit  isb  (A)]uml)ia  Telephone  Co, 

Cable  t'i  AA'ireless,  fjtd. 

( \>nj[>ania  TtdefoTiica  Xaliimal  de  Kstuiua*  Canary  Islamls, 

( '‘aimdian  Ovei^uis  Telecmnm unicat  imi  ( ''or(>, 

Kxter'nal  Teie<ammmnicat  ions  Kxenitive,  (General  Bos<  ( )flice. 
Ke<lei'al  A^  iatirm  Ayency, 

TTawniian  Te!et>]u>ne  Co, 

( )verseas  'IVlecomniiinic‘ut  ions  (Ann missituu  Australia, 

Post  master  ( renerai*  Dejmrtment  rd  Supply,  Australia, 

Ibolifi  Corf),  of  Ameidca. 

'relefouas  de  M(^xico, 

Trnnsradifj  Esr>anota* S,A,* C’anaiw  Islands, 

T)epaj'tiueut  f>f  I)efeiise, 

'File  netwfu'k  as  described  irt  tlie  foreyoimi  material  5s  l>einy  uot>te- 
inented  tliiavuirb  a t)rinie  comra<'t  with  the  Western  Kteclric  <\j,,  luc, 
Westerai  Electric  lieads  a te{tm  t>f  subramt reactors  consistiuy  of  the 
followiny : 

K Hunts  and  l?u\,  responsible  for  architectural  and  enyi- 
ueeriny  desiyii  of  the  stations  as  well  as  must  ruction  phases  of 
st  at  ion  develo]miem. 
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2,  TIjp  lipiidix  mspoiusjbie  ff)r  t lu*  desijyrn,  fabrinitioii  mid 

instullati<m  of  most  of  tiu*  elect  ronic  siilisyslpms  siirh  as  ttie  udem- 
eiry  equipment, 

p“b  International  Business  Maclunes  ('orp,,  respoiisil)le  for  com- 
put af  ion  ef)uiptnent,  pro^i'amin^^  ami  operation* 

4*  liell  Teleplione  Jjabonitfiries,  Inc*,  responsible  foi'  such  items 
as  simulation  equipmetO  and  o|>enitlomu  sequence  proxTflures 
inciiKliTi^  system  checkout  n)utines,  comimiidcation  irafllc  simlies, 
etc* 


Western  Klecliuc  not  oidy  sei‘ces  as  system  manager  and  in  tlie  ftuu*- 
tion  of  system  integration,  but  also  is  responsible  foi*  network 
communicati<ins* 

As  an  example  of  spetnfic  progress  anti  to  provide  a report  on  how 
(lie.  implementation  of  tlie  netwoi'k  has  prtjceetled,  milestones  will  l>e 
^iven  for  tlie  Kaimi  IslamI,  Hawaii,  st  at  ion ; 
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'Diei'e  are  three  major  computer  installations  asHmdaletl  with  tlie 
Project  Mercury  flight  computatirms;  they  are  located  at: 

U Caj)e  Canaveral,  P'la* 

2,  Bermuda* 

( I reel  I belt,  Md.  ((JfMldard  S]ia(^e  Flight  (enter)* 

At  ('ape  ('anavei'al  and  (ioiklard,  cfunpututioiis  are  made  whicli 
com'ei'ii  the  launch  and  iiije(‘t!on  Into  orbit  phase  of  Higlit,  The  <5K 
Burroughs  computing  system,  in  addition  tf>  performing  its  usual 
Atlas  guidance  function;  will  feed  data  by  felephoue  line  to  (loildai'il, 
Ai  Ooddanl,  two  IBM  7*^*0  (*ompufers  will  determine,  in  real  time, 
whether  or  not  the  buinch  irujeeJot'y  aiid  the  predicted  orbit  are 
acceptable.  This  information  will  then  be  sent  lau*k  to  tlie  Memn\v 
(kmtrot  ('entei\  where  it  will  be  displayed.  A backup  display  is 
providcMl  tbrougli  the  ('a|)e  (Canaveral  Azuzu  <ir  FPS  in  nuiar  system, 
together  with  ati  IBM  7(H)  <*omputer‘  installal  ion. 

If  the.  real  time  r>rbit  preilictions  indi(‘file  an  acceptable  oi'bit  |(io 
decision],  the  capsule  will  be  permifteil  to  gi>  into  orlut.  If  the  orbit 
is  delinilely  unacce|>table  | No-(ro  decision],  the  mission  will  be  terini- 
luUed,  If  the  decisiiju  is  fjuestionable  at  (^ipe  ('anaveraK  the  timd 
decision  lo  abort  will  be  turnetl  over  to  Benmida* 

At  lieJinudu,  an  IBM  70!)  conqnitei'  installation  is  utilized  t(^  ac- 
complish the  following  (*omj)utations: 


PKGJKCr  MKJiCtFRY^ 
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K Moni(f>rs  lamu^h  in  nsiTctiiiii  :i  “(io*'  or  "*\o-(to”  lieriyiion 
depend in^  on  wlieilier  or  not  an  arreiitaUie  nrbit  is  ju^lneveiL 
Tins  decision  is  to  l>e  accompliHlied  wiiliiri  secomls  after  the 
Rustni ner  engine  rtits  oth  'Fliis  is  n lmrkni>  fnnrii<Hi  to  ('u[>e 
('anaverah 

2,  (’onifiutes  tlie  time  to  ivtrofire  to  permit  the  rapsule  to  land 
in  n preseliH^led  landing  area  in  rase  the  orbit  is  iinarcepTable, 

3.  I Vr forms  ttie  reentry  eoin]>ntal ion  and  jimliets  tfa*  im)>aet 
point  in  east'  of  an  eat‘ly  aiaM  t. 

b Performs  net'essai‘V  eoiii[mtnii(m  ami  |)repunHion  for-  li^uns- 
niission  of  radar  <lata  to  (loddar-fl  during  ser^ond  and  third  jiasses 
of  capsule  ovei^  tlie  Hernuida  area* 

At  (ifwldard,  cfmiputat  ions  are  accnm]dished  on  tlic  two  IBM  "niki 
histallal if>ns,  orre  acting  as  a hacduip  for  tlic  other,  'flie  following 
functions  are  ]}er formed  : 

1,  I )eterminiit ion  of  orbit,  in  t'tm juncl ion  with  com|)u( tu's* 

2,  PrtMTSsing  of  all  r-adar  iiijmts  fr-otii  remote  sites, 

Detining  ami  retining  f»rl>it, 

I.  Seiuling  af'qiiisititm  tiata  to  remote  sites* 

u,  Pi^oviduig  data  to  tlie  Mercur-y  Control  (Vnler  at  ('ape 
( Vriaveial,  imdmling  infonmuion  on  lime  to  tire  riaros* 

th  (’alculates  and  ujnlntes  (inal  impar^f  point  riuring  reenirv, 

Xrhrork  r/ierfi*ouf  praret/f/res 

The  Mej'tairy  net%vork  is  the  most  complex  and  i^xleiisive  set  of 
gr‘oumhsu]>port  instrument  at  ir*n  iniplemenleil  ihns  far  in  S[aice  jiro* 
grams*  pi^r*perly  test  eacli  sidtsystem  and  then  the  integi’aied  sys- 
tem, both  stat  ically  ami  <lymmii<ailly,  various  rdieckfuit  praH'ednres  will 
t>e  empk^yed* 

Siatic  r’omponeni  ami  sidisystem  tests  are  fii*st  accorn])!islieil*  d'his 
inclmles  the  individual  units  ami  sul>sysleins,  such  as  tlie  telemetei'iiig 
receiving  e^jiiipinent,  tlie  grf)initl-to-cHpsule  comminiitaif ions  erpii]e 
nient,  coTumaml  conti'oh  ('-lamd  trai'ker'*  S-huml  irat^ker,  accpdsition 
aid  e(pn|>ment,  to  mention  only  a few,  Tliis  type  of  testing  is  a^^ccun- 
plislied  as  instnlhuion  pi'oia’etls  and  lar^gelv  emi>loys  standard  elec- 
trf>nic  test  e(|niptnent  us  well  as  some  s[>e(dally  designetl  a|)paraitis* 
As  the  subsystems  are  instalhal  and  successful! v ijass  their  static 

* ii  p 

tests,  thei^e  tiegins  mutual  radio  fiefiuem-y  intei-ference  testing  to 
detecl  and  guai‘d  against  trouhlesimie  stray  energ^v  tlial  manifests  it* 
seif  as  ma If unct  ioning  ef|nipmeiil , 'This  Is  acnially  the  l>e^g!niiinir  of 
full-station  testing* 

AJ!  subsystems  are  r>[)e ruled  together  in  stat ic-slui ion  testing. 
Dynamic  testing  liegins  against  actual  targets*  '['he  test  targets  are 
aii'craft  that  execute  ‘div  hv"  tests,  or  dvnamic  lests  ai  ench  station 
fhnmglHMit  the  enlir'e  network*  'Miese  airtraft  are  out  fit  led  witli 
equipment  identical  ttj  the  electronic  jicur-  \n  ilie  Mercury  capsule, 
thereby  allowing  tlie  station  to  ilelmnine  eletlric^al  and  mechanical 
dilficiifties  in  a near-operational  siluatiom  This  type  of  testing  alsi> 
represents  ex(ad!eiil  i ruining  f(jr  the  station  operators* 

Xelwork  lests  refnvseut  the  final  step  ]irior  to  an  actual  mission* 
Magnetic  tapes  are  prepared  in  advance  for  each  station*  These 
tapes  contain  signals  for  the  <>pei‘ut(irs,  the  tracking  radars  are  given 
simulated  target  information,  simulated  teiemeti'v  thua  is  “receive<l," 
simulated  ‘‘conversations"  are  held  with  tlie  simulate<l  astixmaiit* 
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r<jjiinmiHls  vi\u  1h‘  issued  from  rlip  shuiou  situiili(ms 

ran  Ik‘  rfjul aim'd  on  tin*  liipeK  t'jiirli  station  lias  ils  t>\vn  ta[H%  I'lir 
snnion's  part  is  rimr<l  to  liafi[)rii  in  llir  rxnrt  sanu*  seqiuMK*r  from 
humdi  lhai  an  artntd  raj>sn!e  pass  w‘onM  oia-m^  at  the  statiom  In 
slioi't,  an  imlirr  tliirr-orlnl  mission  nui  Ur  siinnlatrd  on  tln^  netw(jrU 
as  ofttm  as  nrrrssary  to  cherk  mil  the  lU't  amt  lo  train  o|a*raiors  w itli 
nnl  rvrr  art  nail  V lanm'liinf:  a mission.  It  is  lit  lir  fiirllirr  noinl  that 
the  Ciipsuh'  li'amrr  disciissrtl  rlsrwlnMr  i*an  l)r  para  of  thr  station 
dyrnunir  t(^sts  and,  thus,  hava  rapsulr,  aslnmain,  and  iirtwfirk  trslrd 
to^rflirr  in  tho  tinal  way  thr  niissmns  will  actually  [UH>^rt‘ss. 

Snrh  dynamic  net \vf>rk  tests  are  currently  Ucin|r  pro^tameil  on 
tape.  Subsystem  and  station  static  tests  are  now  Uein^  accorn]>lisheiU 

( TioKs 

llaitijitf  vhi'vkouf  of  vops^HUn 

'riie  Mercury  capsules  are  airlifted  from  1 lie  Mcl  >oniudl  [dant  at  Si. 
lionis,  to  ('a[>e  ('anavei'id,  Fla.  A fter  t lie  cai]>stde  arrives  at  the 
(’ape  ('anaveral  airslri|>,  it  is  tnicked  to  the  NASA  capsule  cheekmit 
aiva  in  hangar  **S'\  Ahhou^jfh  a completed  capsule  receiv^es  a pre- 
liinimirv  syslenis  eliecktmt  at  the  faiUcH'V,  the  hnal  detaile(I  svsfeins 

4-  *4-  * ' ^ 

cheek  is  made  at  the  (’ape.  After  an  initial  ins|>e<iion  <dieek*  the  cap- 
snh‘  isplacaat  in  a sfiecially  cotisi  riu'ted  build iii^T  in  vvhich  the  hydtai^en 
pe,i*oxidt^  reaction  contia>l  system  is  a<*ti rated  anti  fnnciiona!  checks  jua* 
accnmjdishett.  Because  of  the  Miv  hazards  accompanylnji  a hy<ln>fren 
|)eroxi*le  sfJtlb  this  bniltlin^  is  fully  e(juij)}>e<!  wit  It  a waiter  spriidclei' 
system  and  a remote  ctms(de  for  tlie  test  (amdnetors.  .\11  persons 
haml!in^  the  plumbing  eonnetu it>ns  for  the  eoncenM^ated  hvdt'ojren 
jieroxide  imist  wear  ^cifx^lles,  plastic  ca[»s,  cover'alls*  lunits,  ami  L^loves. 
Initially,  bt>tb  tlie  [>eroxide  and  helium  stoi^ap'  tanks  within  the  enp- 
snle  are  filled,  and  ditlerent  ially  )>ressuri/.e(K  with  helium.  They  ate 
thencap|)ed  otf  and  the  jU^essiire  de<’iiy  is  monitfuvck  "I1iis  procetlure 
is  used  to  check  (lie  liydro|T-en  peroxi<le  ami  the  lieliiini  (diimltiujj  sys- 
tems for  leaks  and,  in  ]>ailicnlai%  the  flexible  bladder*  wld(di  will  sejia- 
T'ate  tlie  peroxide  from  the  helinm.  The  system  is  tlien  lilted  with  the 
liydro^^en  jieroxitie  and  a 'J  l-lumr  decomposition  test  is  ]ierformed.  I f 
the  system  is  (*(anpatib|e  wiili  the  per<jxi<te,  there  will  be  ottly  a low 
rate  of  |UHwnre  increase.  After  this  check,  the  pet^oxide  vahes  ni*e 
remotely  aidiiatetl  and  thrust  reaction  time  is  motiitotvd  bv  ineasur- 

fc  * * "■ 

tr^^tlie  teniperatni'e  rise  in  the  nozzles. 

Following  the  reaition  <*omrol  system  tests,  the  cafjside  is  returned 
to  a elean  air-cemditioned  enclosure  in  the  haiiiiar  and  <letaile<l  checks 
are  nnule  on:  ( I)  the  d,c,  and  a,c.  eit*ciricul  systems;  (2)  the  setpiem*- 
iti|r  system  wliicli  automat  ir*a I ly  controls  alt  tlie  t^ajisule  i* vents  from 
hnimdi  tliron^li  capsule  se[mrafion,  tower  jettison,  ca[>snte  attitude* 
letndii'in^  ctmt r'ol  system  modes,  parachute  de]doyments*  ami  j'ecov- 
ery  beacon  activation:  (^l)  1 he  commnnical  ions  .svstmn  which  includes 
the  id^h  fr'ecjuemw  and  uilr‘ah!|:!i  fi*equency  radios*  connnaml  n*cei\'’ 
ers,  telemeter  transmitters,  FPS  1(>  amt  Wo'lort  Kadio  beaeous,  ami 
reccnvrv  beacons:  and  ( \)  the  atilomaric  stabilization  arul  confi'o!  sys- 
tem which  involves  at  tit  tide  sensin;r  limits  for  the  hoinzori  sfainners, 
^^yi*0'ere<'( ion  and  pr'ecession,  relays  and  lo^ic  circuits.  *l’he  cai>sule 
tlien  undergoes  a simulated  Hi^ht  test  where  all  t*npsule  systems  are 
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us  Hijiht"  and  pi^rfotanainv  is  miaiiUH'tMi.  I pon 

c'ompItJ ion  this  tosi,  uM  nnboanl  r:i]>snU>  Hutu  t'tjnip- 

rmnil-  lilni  ami  lufu's  an^  [>i'<mh‘sshI  am)  nvahmtrJ,  A rrititail  por- 
I mrj  of  ilu'  (\apn  (*herkemr  is  laM'InriniMl  In  ah  alritmk^  clmmluo'  wIih*Ii 
rrnniles  a m^iir-x  aniinm  toivir'omiit^nt  for  siihsvstrm  fum-t  itniat  rlincks 
ami  ^^stal^lislu^s  1 1n*  prnssiirn  int<^^rity  of  t Uv  <a»]jsiih'.  As  i In^  simulated 
alfitmU^  is  lowmaaK  the  Inu'ostatirally  aHiialed  <'a[>siih‘  IjitnUn^  sysNnu 
\eili  l>e  fuiiei  ioiially  elmeked  tnit* 

< )nt'  <d'  tin*  timil  liati^ur  o]Koatioiis  is  an  elaliorafi-  wni^dil  and  bal- 
anci^  rhet'k.  Heesmse  tlie  t‘apsnh^  ai:mtlynamies  an*  rriti(‘a)ly  de- 
pendent upon  t Ire  ca  pside  reiiter‘-of-;£f3i  vity  lorail  irm*  exi  ivnie  (air'e  must 
lie  taken  to  maitnairr  the  tarnttn'-of-^Ta vily  ai  a ])res<'rilred  ]Mdnl*  Tlie 
l lirnsl  axes  of  t ire  esc'a[>e  311  id  re!  i^oro(*ket  s are  also  u<'enr3rtely  aline<| 
at  ( his  ( iine* 

(!Iiipsnle  elieekotti  ojienilions  tvijniri*  a lur^e  rpiantity  of  raantdex 
j^rournl  eheelamt  equipment*  This  ^ear  must  siit>pfn'l  eapsnle  |>r(*- 
Hijiht  (>peratif>ns  in  tlie  Iran^uir  and  ill  ejieh  t4  the  (annel)  [latls*  Most 
of  tlie  inonitorinjf  iiml  <*alihra( ion  e<iiiipiinml  is  (a>nlained  iti  fiill-sizt!i 
trailers.  ( '01  meet  it  r^  e aides  are  strun;^  lo  the  various  elnn'kont  siles. 
To  elierk  the  antoniatie  eoTitn>l  system,  for  irtslaiiee,  tin*  eapsnle  is 
installed  in  a (vvo-a.\is  test  fixture  and  a treat iiifr  (dimienl  is  nsial  lo 
simulate*  the  ivu'fh's  horizon*  I'lie  eat>snle  is  setpumtiiilly  rotated  in 
all  tht'ee  axes  at  varmms  rates  and  attitudes.  Signals  from  the  ^yi'o 
signal  are  inonitort*d  and  rt*eorded  on  sunp  eharts  in  the 

trailei'.  {’alibrations  of  (he  tehanetrv  svstem  aiv  also  made  while  tire 

ft  ft 

ra]>snle  is  ins!  ailed  in  tire  lest  fix!ure. 

The  last  operations  tn  the  hatt^^ar  involve  inslallatltm  f>f  the  various 
i'(n'kets,  ext>losive  bolts,  SOKATi  Ironibs,  and  olln-r  py roterdmies.  '['he 
environmental  control  system  is  ehai^ftal  with  lii^h-[ux*ssnre  oxy;ren 
ami  the  flight  buM enes  are  inslalled  at  this  t ime, 

Lffuftr/i  eeA/f rhf^rkf/trf 

(’onenrrenl  with  tin*  ea|)sule  hnn^ir  (dn*(dvoiit,  tin*  ii|jpro[>!‘iafe  Ked- 
stone  or  Atlas  lanrreh  vehicle  is  erected  at  the  laumdi  sit(*  and  tlie 
iiiimerons  plnmlilny  and  ele<*t riejil  cfnrrreiJ if*us  are  ae(*oniplis!u"<i. 
Fiinetionul  tdie^dts  are  pei^formed  on  the  veliirle  monitoring  irrstni 
mentation,  the  antomatie  jibort  seiisin;:  e(pnjmn*nt*  tht*  ^nidam-e  atrd 
emrtrr)!  ecjnijnmmt,  the  emer^enry  tlestniet  [*ai*kn;je,  anil  the  pi^essnre 
imejjrrity  of  the  fuel  and  lirpiid  oxy^iUi  tanks* 

ffitf'ittf/  rtarfr  of  ht^ostt  r at fKstih 

In  aildition  lo  ileterminsit ion  of  mechanieal  t-ompai  it>iniy.  the  ir^ 
stalhition  of  the  <-apsnIe  on  the  b<H>stei^  [>r'ovides  air  o]>jjor't  urdty  To 
(dieek  the  capstde  ground  sU(>pori  eejuipmerrt  within  tire  lihieklamM* 
aird  laimeh  gantry*  Fi^fures  hi  ami  l^.show  the^nnlrw  arrangement-- 
ami  (he  capsule  systems  eln*rkout  n^ailers  wliirh  are  used  during!  ejijj 
sole  3iml  lKM>stei'  <d reeks  at  (he  la i undr  [mcL  Figure  'iu  shows  se\end 
of  lire  rat>side  nionitoidh^  ronsoles  in  tin*  bhnddnmH‘.  This  su]>|ifnn 
equipment  will  tenable  persimmd  in  tin*  bliKdcluHise  and  in  the  Merenry 
<‘onirol  i-enter  if)  nmnitor  the  [lilot  and  ea[>side  systems  when  tin*  cap- 
sule is  orr  tlie  Innmdi  p:uL  Hurin^  this  period,  the  cu|isu!e  radif>s, 
telemetrv,  and  beacons  are  enerifized  simnlluneousl v with  boost et^ 
telemetrv  and  iH^aeons.  Radio  fre()uern'y  intei'feivmH*  rdiec^ks  an* 
accomplished  at  tiris  (inn*. 
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FUijIit  rPvh'W  hmird 

A flight  SrttViy  iKmnt  will  ;iml  ovaluuri*  tln^ 

ivr<n‘tLs  of  (1h^  IimiK'li  v(*hirU^  anti  ('ii|)sult‘  1es(s»  tliis  linn%  any  dif- 

ficuliit\s  wliit’h  ormrivd  during  hottsttn'  and  rapsnlr  t‘litHd<t>in  will  1k^ 
tlistnissptL  and  mu^st  i^t'solvtul  to  1 lu*  .satisfati  mri  of  iM’ervont^  on  flia 
hoard,  llir  hoard  imnnlKOs  will  itirlndr  iTjn'rstnnat nm  frtnn  ihr 
launch  vidiitdr  t^ontrartoi's,  the  ca|>su!t‘  ('t)nn^aftor,  the  astronauts  and 
other  NASA  t>|HM'atioiis  [>et'somnd, 

/^rfdfftmr/i  routtfdotrn 

idle  [ii^elamiHi  cfnnitdmvn  is  dividrtl  intr>  two  mns:  itir  first  ptu- 
tion  s1arlin*if  lioiii's  prior  to  launch  ami  t^mtininn^^  for*  t hours, 
iiie  final  [>ortion  hepins  tlic  followin^^  niidnijrht  and  continues  nnlil 
the  stdieduled  launch  time  of  7 ajm  iiiis  s[)lit  count  an^Mii^tuiiriit 
allows  tile  launch  (‘rews  a rest  period  in  (he  midst  of  a hm^^' (^onntdown. 
I)urin^  tlie  fir^st  2-houi’  juuncHh  detaihal  capsule  sysleins  checks 
will  1h*  uct'onipl ished  fn>m  the  rtunote  monittuan^  ctm soles  in  the 
l)h)ckhouse,  l>urin^  this  initial  "Jdiour  comil tlown  peritaL  the  world- 
wide network  of  comimini<ail ions  and  trat^kin^  stations  is  aleiletl  anc[ 
r^mtine  tests  are  made  on  (he  telemetrv*  radar*  the  voice  radio  conn 
tmi nidations,  and  tho  <‘ommumi  radio.  ( 'omaiiTtMU  Iv.  th(*  Mforiirv 

& 4 

(a>ntnd  tauitei'  c^ommunind ions,  telemeti'v,  whorl  ctmimamls,  and  1r‘a- 
jectoiT  tils  pi  ays  ai^e  at ‘(i  rated  and  t'hecked  nut.  Seven  hours  ptaor  to 
lanm*lu  the  second  half  of  the  conrild()\vn  is  he;fniK  A carefully  de^ 
signed  se<iueiice  of  humeli  vehicle  fueling  and  L()Xin^,  (“ij^siile* 
I'oeket  and  j)yrotetdmi<'  ai^ninji,  and  I'adio  fre(tnem\v  inlei’ference 
cliec^ks  are  accomplished*  Kxtr'eme  care  must  he  taken  !*>  la*  cer* 
fain  that  no  stray  volia^^es  are  aj)tdied  when  the  pyrtUeclmics  ami 
nK’kets  aiv  heinjx  anned.  (dire  must  also  (>e  taken  to  maintain 
radio  silence  on  cet^tain  critical  fi'etpiem'ies*  Appro*\imateh’  1 hours 
In^fore  hinnclu  the  Navy  recovery  sliips  arrive  <m  station  in  tin*  impact 
area  and  approximately  hoiu>;  prior  to  launch*  Imad  hmnch  site  sni‘- 
face  vessels  are  called  on  station*  The  lanndi  site  lielic(j])tei>;  and 
the  searcli  aircraft  are  phased-iri  just  [>rif)r  tolanrudi.  I >urin^ manned 
shots,  the  pilot  will  enter  the  capsule  apjjro.ximately  2 hours  pi'ior  to 
tauncli  and  will  play  an  active  [airt  in  the  cat>side  check  ami  count- 
down* 

Mf-rrif/'f/  rnnhrjf  rtoiffo' 

()verall  ctintrol  of  ihe  Meremrv  missions  is  comlmued  from  the 
Mercury  r‘onn-ol  (amter  at  (dijie  (dmaveral*  A phot r>^'ra])h  of  the 
i*ontrol  center  building  is  slinwn  in  figure  2h  This  cnni|jlex  alsf> 
ser^ve,s  as  a teleinetrv  receivinyr  siatifui:  the  lar^e  dish-sha|ied  antcuma 
will  T'eceive  telemetered  information  from  tlie  capsule  suh>y stems* 
The  pr'imarv  functifin  of  the  (‘enter  is  to  actively  control  the  (li^lit 
jihase  of  tile  Mercuiy  misshms*  Fiy'ure  22  is  a l»I(X'k  diatrram  (jf  the 
flight  control  orjraiiizal ion.  'Fhe  o]«»rations  direcior  is  in  char^M^ 
of  the  mission  ami  also  scarves  as  chairman  of  ilie  Flight  Safety 
Keview  lioard*  rniniediately  siil>ordinate  to  the  o]>eruti(Uis  <iin*ctor 
is  the  director  who  atiively  part it‘i[>ates  in  rhi*  countdown, 

eofirdinales  t he  injnit  from  the  systems  laintrol lei’s,  and  Is  I’esjMuisihle 
for  makinif  the  decision  to  nlxirt  the  mission  if  a ninlfumaion  slionid 
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(K'(*ur  The  sy*stt^*n  control li'rs  jolvisc  tlu*  Hi^lii 

<iiiwtor  tli^rht  ]>ro<rres.scs  iind  pcrfonn  the  fcjllowijj^r  fimcfionji: 

(1)  'riic  iU^lU  siirirt^oh  monilorH  (In*  ai*roiinMli<-ii!  (iis]fi!ivs  of  ihc 
[nlot\s  KKCi,  ivKpinit ion,  and  fcmiu'nitniv.  He  also  moidiors  riu* 
[dl(>t's  voir*€‘  t r:msniissitm8, 

(2)  Tlic  <^nj)snlc  cnvirf>iimnit  monitor  Inis  tidcnictcr  inst 

lion  dis[)lays  of  die  oxy^iMi  qimmity,  cjdMii  pressure,  suit  pr'csstire, 
amt  system  temperatures* 

(/I)  I'lie  f^upsiilc  comniiinicnior  ndays  in  format  ion  totlm  pilot  and 
receives  voit*e  reports  from  the  |>ilot.  tt  is  station  <'fmso!e  is  ei]id])ped 
witli  a se<juence  panel  wlii<*li  iiulicates  the  oc<*nrreiice  of  ca)>snle 
eventssndi  as esruipe  tower st*pa ration  and  ret rotii*in^* 

(4)  4'iie  capsnie  systems  monitor  ohstu'Vi^s  ilie  capsule  afliliule 
ami  the  annmnt  of  fuel  reniairdn;^  in  the  liydro^en  jieroxide  control 
systems,  lunl  tin* status  of  the  c^apsnle  elect  ideal  system. 

(oj  The  ret rneont roller  (lanei  displays  the  retrofirin^  times  for 
normal  reentry,  end  of  eaidi  orbit,  and  erner'^ency  laiulin^  areas* 
'Tliese  ren^ofinn^  times  ai^e  cahuilaled  lU  the  (ifidda rd  Onnpntinj^ 
Center.  Tlie  retrtH-ont i'oller  keeps  tlie  ca]>stdeV  idm*k  syindiiM)- 
ni/anl  widi  tiie  o[Uimi]m  refrotirin^  time  wlijcli  is  (*ontiinmUy  hein^ 
refined  by  eafimhitions  based  on  tlie  latest  tratvkin^  information. 
(Iian^es  ifi  the  capsule  relrofire  clo<^k  S4'ninj^  can  be  acc^implished 
throimb  voice  instruction  to  die  nstnmnnt  or  by  radio  commands  from 
the  retro  fire  controller's  imneb 

(0)  1'lie  fti^lif  dynamites  otlicer  has  tlie  restainsibility  of  evulii- 
adn^  the  ca[)sule  orlntal  i>arameters  at  the  enti  of  the  hinncli  phase. 
He  will  use  four'  plot  hoanls  wliicdi  (lisplay  flight  pafli  anfjle,  velficity, 
capsule  ]>ositioiu  and  impatU  pre<liriiom  Based  on  pi'edetennimsl  lim- 
its for  these  parameters,  tlie  flight  ttyiiami<‘s  oHi(‘er  will  recommend 
that  the  {^apsiile  be  i>ermitted  to  i‘ontinne  (ud>ital  flight  (p>  decision) 
or,  if  die  (‘iifjsule  Inis  not  attained  orbital  velocity  and  flifilit  [latb 
an^^le,  lie  will  I’equesf  immediate  refroHre  to  bring"  the  capsule  down 
in  a phmneil  recovery  aiva  ( no  go  decision). 

(7)  ddie  missile  telemeter  monitor  will  observe  telemeter  displays 
of  critii^al  launch  vehicle  parameou's  sutdi  tis  acceleration,  engine 
clminber  pressure,  ele<i ideal  and  hydra u lit*  system  ]jerfoiananct%  and 
\ehitde  attitude.  By  observing  these  parameters,  he  can  antiedpate 
jiossilde  ahort  situations*  'flie  flight  tlirector  <‘an  then  lake  action  to 
liring  the  (‘upsule  down  in  a [ilanned  recoveiy  aiva. 

Figiiiv  'i*i  siiows  some  id  die  Might  (’onfrtdlcr  cuns<iles  and  ilie  net- 
wiu'k  status  map  in  the  Mercury  (‘ont n>l  center'* 

'I'he  fiiTiiU  ions  of  ihe  systems  monitors  in  the  itermiida  comred  ceniei* 
are  similar  io  thoK*  at  (dipe  ramiwr'ul : howewr*  live  flighi  (lynamics 
otlicer  at  Bermiula  will  make  an  orbit  ''go"  oi' *uin  go"  decision  mdy  if 
tile  rajje  cfmtrol  center  cannot  make  a decision*  'Fhe  nunote  site  sia- 
tions  are  Hjuipped  with  only  tbi'ce  consoles:  ca]isnle  (■(unmimicntor, 
aei'omedical  monit<K\  amt  capsule  system*s  monitor*  Figurt*  g4  shows 
the  coininunicatoi* s console  which  is  installed  at  ilie  reniole  sia- 
tioiLs.  A nim*kup  of  ihe  cupsnle  control  [unud  is  imdiuled  to  aid  the 
communicator  wlien  lie  ttiscu.sses  panel  di>[)hiys  with  die  pihn.  This 
console  iiudiides  <‘omniaml  radio  ('a[>abirny  at  six  of  the  riumue  sites: 
tliat  is,  the  ctuninunicator  will  he  able  \o  command  changes  in  the 
reirotiiner  and  command  I'etroMre,  Some  of  thesi*  communicators 
will  be  astronauts. 
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FicuRt  2‘S. — Flight  conirolUT  consoles  at  control  center* 
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Pici  RE  2A. — commllcr  constjlc  at  remoU’'  station. 
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FVnjht 

An  iiM[>nfhi lit  pliast*  in  \\iv  iOuvkuui  of  tin*  i‘<|uitnmMit  uikI  in  llir 
rninil  i;n*izrit  ion  for  the  lli^lit  rnnlrf^hn’s  is  liio  simuliit  ion  training 
whifli  prrtHHlrs  a fliglik  Ik-t-aust'  of  llu*  iimhI  lo  ruordiinil t*  tlu^  lu'l 
work*  rroovrry  foi-ia-s*  capsule  ami  laniirli  [>r'oceilur'cs,  aiiil  i lit*  ( loildani 
and  ( 'apt‘  i‘oni]mtei’s,  il  as  IoiiihI  neccsMiry  !o  jo'nvi<lc  advam-c  n|H'ra 
tioiial  ex|aoaenci\  i^"'igiire  is  a photograph  sinmlalion  c<msolt*s 
and  slancs  rlic  capsule  prtH^t'thjres  trainer  used  in  the  sinmlalimi  r*onni 
at  thi'  cfMitrol  miter'*  liy  using'  this  siniularion  ef(iii|>metit  in  coii- 
Jnmiion  with  llic  (Joddnrd  t'oinpiitciv  t he  Mertairy  missions  arc  sinin- 
laled  and  pt'ocodiiivs  ar'e  develojaul  which  will  lie  utiiizt^d  <lnriiig  tlie 
varitms  [)liuses  of  1 lie  f)[>eral  ion* 

prorcflifiT/^  rhn'htf/  //i  /*s\v/V/// 

During  the  pr'chuimOi  jihase,  lliglit  control  is  thdegaicd  to  the 
huilich  hlockhonse*  At  fift-otV,  confr'^il  passes  hack  to  lln^  Mer(mry 
oijcratrons  dirtaMor'  at  tlie  <'oiiM’ol  cciitto'*  'Flu^  pilot  detennines 
that  his  e!a[)S(al  time  clock  starls  ai  lift-otl\  theri'iiy  sy rich roni/*i rig 
capsule  lime  wiili  grxmmi  ela]ised  tinun  During  the  hinncln  ilie  ]*i!oT 
rejior'ts  |)itcli  aiiglt'  and  act*elerai  ion  to  ihe  gt'oumh  As  tiie  ca[)- 
sule  rises  t II  rough  an  altitude  of  ll,n<)<)  IVei,  theea]>side  inltuaial  p^^s- 
surv  will  start  to  vent  overhoaraL  *\  ihirer'ent ial  pt^*ssure  tegnlaior 
will  maintain  the  ca|>siile  [O'essiire  o jamnds  ]ier  stjnare  irn*h  above 
summiiding  at  mos|iherie  pressui'e*  Ihe  jiilot  notes  that  the  eahiii 
pressure  does  not  tlecu'ease  Inflow  a [aninds  per  square  imdn  When 
u guidanc(^  I'oiiiimind  shuts  ilie  tnigine  <lowin  llie  pilot  luammllv 
acMiaies  an  override  switi*h  and  sejnu'ales  the  cajisnle  if  automat  ic  cap- 
sule sepju'alimi  does  not  o«^fair%  He  ulstj  checks  that  the  iai]>stde 
attitude  indicators  tlis])hiv  prvdeterminecl  values*  If  tlie  capsule 
gyi'os  hav4*  drifted  (‘xcessively  during  hiuncln  t!ie  automarn'  control 
system  will  iinu'enruie  ami  lie  will  manuaHy  control  the  capsule 
using  his  per‘is(*ope  ami  window  foi'  altitude  rerereiic*e,  TVie  capsule 
should  he  eit  her  automat  ieally  or  mamially  turned  to  t lie  ret  rfiflrt*  posi- 
tion so  lluit  retT'or'ot'kets  ran  he  lir'eil  iu  tliecon'etu  rlirectioii  if  a rapid 
reeut  rv  is  found  tlesir'cble, 

O p ripr(*ihi 

One  of  the  most  (U'itical  [)r>inis  in  the  .Mernir'V  orhilal  mis^>it>ii  is  at 
t>rl>ital  ruset'tioii  when  the  *\lereiiry  cnjistde  is  se]>a rated  from  the 
Atlas  hiiint'li  vehicle*  At  this  [)oint,  ii  is  ntaessarv  to  ileierinine 
whetluM'  the  mission  should  he  allowed  to  eoiitinue*  or*  au  aliort  should 
he  exenitefl  so  that  the  <'a]>siile  will  hmd  netir  a pixodously  estah1i*slie<l 
r-f«'ovetT  area.  An  ac(‘e|)talile  or'lnt  is  lamsidered  lo  he  i>ne  which 
will  iusuT'e  the  rapahility  of  a safe  recovery  at  tln^  end  of  the  fir'-t 
oi'hit : Hint  is*  the  lifetime  must  In>  .'iifliciimt  so  that  the  r'et rorocket- 
can  he  fired  wit  bin  I'ange  f>f  a l■ommaml  stat  ioii  near  the  end  of  t In^  fir-t 
orhit  in  ordei'  to  land  in  the  ]ilaiim*d  recovery  area,  Iti  adtliiinii,  the 
heating  *a>iidit ions  must  fall  within  actaqiiahle  limits  in  tlu^  region  of 
perigee,  ami  the  muilry  loads  must  In*  wit  Inn  gi\iui  toler-arn'es.  It 
lias  hetui  assumed  that  if  the  conditions  existing  at  ot'hil  insertion  are 
suf'h  that  the  eupsule  coiiqilett'S  one  and  oue-iialf  oi'hits*  an  adetpiaie 
margin  of  safety  will  have  lieen  attaineil,  fiieT'efore,  any  ueceplahle 
comhinat  ion  of  insertion  comlii  ions  should  guarant<^e  i he  o[»pm  r imity 
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'riix'  IlniKH'uhlp  (>wi1nn  Iii'o<iks,  ('huiriiDin  nf  Hu'  (Vimmittpo  on 
SciiMicf*  nnct  Asl  miiaiit  during  itie  set'ond  spssifm  <>f  tlic  sr^tli  i'rm- 
^jfivss,  solmiitipfl  lo  \hv  I\S.  House  of  I!e(jix*jseutn!  i ves  llit*  First 
Interim  lieporl  on  Fi'ojpi^t  McMrnrv,  dated  *I  an  nary  27,  AF 

11  nisi  1 years  Imve  ]atssed  since  the  issininct*  of  tlml  re]>otx.  Tliis 
efnnrnitfi‘e  deserihetl  the  ^oais,  tln^  resen ndi  and  develu|nm*nt 

|n^(»^^rani  miderway  to  acliieee  the  ]jro^ri-inn  ^r(m|s  ami  the  Irainin^j^ 
])rofrj^ain  for  tlie  Ast  r*rminit s*  The  pui^pose  of  this  retJoi  t is  to  sum* 
imiri/*e  (he  (‘iiriiuM  status  of  the  Men-ui'v  project,  lo  assess  aecono 
plishments  to  chite  and  necjuainl  tlie  (’(m^i'ess  and  the  jmfilie  with  a 
feel  for  the  tnmiendons  compleNitv  of  the  pr<ihlem  of  jmtiin^  a man 
info  Karth  <nTit,  siistatniii^r  Ids  life  In  a spare  eii viroiinient  and  m*ov- 
eriii^  him  sa  fely, 

Ih'ojert  Mercury  is  rui‘rently  lids  Nation's  etldri  to  place  a man  in 
space  at  flie  eai'liest  possihte  time.  Since  its  incejitiom  l>otli  the  Nu- 
lioiiai  Aerminiiiics  and  Space  Admiiiisl ral ion  amt  the  l)epartmeni 
of  Hefensi*  liave  mafiped  out  rntnv  compreliensive  manned  space 
tliuht  t>ro^rratns,  Howecer.  fhes^*  hrtei^  pi*ojeras,  nananl  Ajadlo  and 
Dyiia-Soar,  must  depeml  upon  the  silCf'essfiil  development  of  tai^mr 
space  laaisttMN  stndi  as  Sutiirn,  Titan  II,  Atlas  (!,  or  perhaps  a newly 
cumadved  lai'^re  soliit  rockei  arnin^enienL  liecaiise  Apollo  iHuI  Hyna* 
Si  me  de|HMul  upon  as  yet  imllown,  lai^fjfei^  laKisiers  and  are  desiyneil 
to  i>j'f>jei"(  more  flnin  one  man  intt>  Fartli  oi'hit,  it  Is  not  eN[»ected  that 
either  of  these  iimjecls  %vdl  ht‘  i*a|Kihle  iif  placlii;!  nnmm^d  imyloiuls 
in  nr  hit  for  tl  to  S yeai^s*  Project  Mi^rciiry  is  cXpecfcal  Ut  [jroviije 
many  nnsw'ers  f<n'  these  fiihire  manned  spa<‘e  )*ro^^r^UM^  answers 
whir'll  nnist  Im"  olitaimnl  i'oncern Jtijr  manned  stance  Mijrht  environment, 
and  man's  ability  (o  |iei-fofm  a useful  finictiun  in  sjmce  as  stem  as 
[RjHsil>h\  ( ^mset|mmt  ly,  Pixdect  MeiT-inT  is  l>eiu^  [irosecnled  by 
NASA,  assisted  by  the  I>OI>,  w'iili  tlie  ntniost  st*ns(*  of  iir^jency, 
Mm'x'urv  enjovs  to|i  national  prioi'itv  as  apnrmvd  by  the  Pt'esitleid 
of  the  I'nited  Stall's*  It  cai’ries  DX  pinorif y rntitijf, 

Ih‘(>Je('t  Mernirv  re[H'esents  the  AA'riirbt  Brothers  pliase  of  spact^ 
If  is  sim»  to  at>pcai'  as  maide  and  (larin^-do  ffj  future  paiera* 
lions  tis  th<‘  clumsy  wood  and  cloth  "kits*'  of  aviafitiids  bygone  era. 
Both  re|u'esent  majm'  phases  in  man's  technolo^irad  developinnii  * 
Both  liavf»  experienced  controversial  critiidsm  mi  tlie  oiu'  hand  ami 
adniinuion  for  lln*  emirate,  ihalicatiofi  and  vision  of  tin*  men  who 
strive  fm'  achlevetnent  on  itie  other  hand. 
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to  comt*jiuid  ivlroliring,  llms  coni ro)liii*r  tlic  Imuiiu^  |mmh1,  t\i  any 
time  durlnji;  at  leasi  the  (ir*st  complete  orbit. 

The  j)r{tblem  is  iben  redm/iHl  tt>  tindiii;!  as  accui'alely  as  p<)ss!bte 
flic(}rbMa]  ions  t lial  will  permit  tlie  rapsnli' to  com[»lcH‘  oneuiui 

ont'^half  orbits,  Wlien  tln*w  <'omlitions  an*  ilelliied  ia>mpleli‘ly  in  tlie 
ranjres  of  velocity,  ili^lit  palli  aii^jlc,  ami  aliiiiule*  llie  actual  orliital 
coh(  lit  ions  obt  iiimHl  muy  U"  com  [anvil  to  the  estiiltlisliial  limilin^  con- 
ditions in  order  to  decide  whether  the  missimi  should  be  allowed  In 
l>riK'eed. 

After  a snc^'essful  orbit  lias  lavn  aiHiievefb  the  pilot  will  ivjiori  to 
tlie  remote  stations  as  lie  [>nsses  overhead,  (elemeiry  siy^nals  will  be 
received,  and  iriu'kin^  data  will  be  recorded,  "I'he  remote  site  im 
formation  will  be  sent  back  lo  tbi*  Mercurv  com  rol  ceniei%  bv  wav  rd 

* * 4 

ihe  (Fod<lanl  ( 'ommunicai ions  (Vnier*  dh*ackin«r  acipiisinon  infor- 
mation is  t‘alcubited  at  tlie  (loddurd  ( 'omjMit  in;f  (\mtiu"  and  is  seni 
out  to  the  remote  sites.  It  will  tie  an  objeciive  of  llie  <‘omr(»l  ceiiler 
lo  keep  the  I'emote  sites  as  ftilly  informed  on  the  current  siimoion  as 
jiossible.  Tims,  in  the  event  of  a break<lown  in  comiiiiinii'sit  loris,  they 
may  l>e  l)etter  able  to  make  decisions  indcfiendeiitly  if  a critit^al  situa- 
tion develops.  The  vaiaous  times  of  retrohre  will  be  corn iimoiisly 
1‘omputed  im  (lie  basis  of  new  information  as  it  Siecianes  available,  and 
it  is  imi>erativi‘  that  rvmoti^  sites  1h^  kept  npioiJnle  oii  tlusse  iiems. 

As  the  time  of  reentry  is npproa(*he(I*  the  control  cenler  will  be  sup- 
plied with  trackiti^j:  data  from  t lie  eomjjulei's  at  (i(Mhlaixi  and  the  pivs* 
eiitation  of  impact  [ireditJ  ion  will  In-' ^iven  iti  real  lime,  'V\w  main 
fniH'lion  of  llie  i^oiitrol  cenler  at  this  time  is  to  kee])  tlu‘  recovery 
forces  u[>  tt>  tlate  on  impact  [iivdictiom 

h*  era  vpnj 

I'he  probability  of  t'apsule  lundtn;^  lfK*aIe  va^u^s  rhrmi^lumi  the 
ditl'erent  phases  fif  a Mi^^bt  and  is  a majfn'  factoi'  in  estabtisliiii^  the 
re<'ovetw  re<]uirements,  'Vhp  basic  pIiiloso|)by  of  ret^overy  in  the  Mer- 
tairv  prop^am  is  to  [irovide  a ra[Md  ret'ovcrv  cafiability  (1)  in  tlu^ 
Moniial  landiu^r  urea;  i'2)  ill  lhos«'  suH'as  whetv  lundiu;rs  vvoiilil  occur 
ill  case  of  an  abort  duririjr  the  early  [>lias^‘  of  tli^lii  : and  (-i)  once 
eai'Il  orbit,  ‘'KuiJid  reiaiveiy"  implies  that  ioi'iition  ami  iviiieval 
vehicles  are  on  station  in  then"  ai'ciis  during  oi'biial  (lijjrht  to  assuiv  re- 
covery within  a sfaH-ilied  time  that  is  in  the  or'dei'  of  from  to  K 
hours.  All  of  (be  ivcoverv  areas  result  111;^  frtuii  tiiis  recovery  pliilo>- 
ophy  are  hanited  in  the  Xortb  Atlantic  Oivaii,  The  probability  of 
iamtainiiiy^all  brndin;!  points  within  tlu">e  areas  is  very  hi^h. 

The  [damied  re^^overy  areas  are  shtovn  in  figure  In  suhtilion  to 
the  nine  areas  depii'led,  a laumdi  site  rectiviuy  ajvu  exists  at  ('a|ie 
(hinaveral  in  ttie  event  an  abort  ot^^urs  duriii^^  the  timil  ('onntdown 
oiMuirly  iti  the  boost  pliast*  tt(  flitrht.  The  hmmdi  site  riH*fnery  fon*es 
will  Imve  I he  capal/ilny  to  etJVci  recovery  bir  a capsule  un  hind  or  in 
shallow  water* 

Shotild  tin  unsatisfacloiy  condititm  de\elo|i  diii'in^^  launciu  a mis- 
sitai  will  lie  alH>rted  so  that  iamliiifrs  from  such  conditions  will  bi‘  ctm 
tained  in  areas  one  tliron^b  six.  If  ilie  (irbiial  parainetei^s  at  insert  ion 
are  salisfadory  and  if  I lie  <^apsule  sy,stenis  are  fund  ionin^^^  [iroperly, 
the  i'upsule  will  Im'  ]jermined  iticonlinue  111  orbital  Hi*r!it,  In  cas^^  of 
*'no-^f>*' decision  al  tirl>ital  insertion,  tbiMilMnl  |ir'iM“edures  will  In*  sucii 
lliat  all  hindinirs  win  lie  contained  in  areas  live  or  six. 
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to  conmiiuul  ivtroiiriji^,  thm  i-onl ttu*  linulin^  [khiU,  \i\  any 
time  at  least  the  first  n»ni[jlete  orhit. 

The  |)i'ol>lem  is  then  rediired  to  liiidiii^  us  aecuraudy  us  [jnssible 
thtM>rl>jtul  tumdit  itJiis  t hat  svill  [uMUidt  the  ( apsule  to  i^tmiplele  <mr  and 
oHe*lialf  orbits*  W hen  tltesi’  tuuiditioits  are  defineil  t^oiujdeiidy  in  tln^ 
ranges  of  volochiy,  lli^lit  |iath  an^rle,  uiul  aliiinde,  tlje  ueUiul  cjrhitttl 
I'orulitious  ot^tsiined  may  Ik^  romparetl  t(j  ihe  i^stuldished  limilin^f  etm- 
ditiijiis  in  oilier  it>  dtH'itle  whether  the  mission  si  uni  hi  be  ullowetl  to 
|)roeeeth 

After  a sueeessfnl  or'^bit  has  been  JuHiit*ved,  the  [>ilol  will  re|>nri  i<» 
the  I'einote  stations  us  he  passes  (nerliead,  telemetry  si^nmls  will  he 
reeeived,  and  truekin^r  tlatu  wil!  be  recT>rdeth  Th<^  ivmote  she  in- 
foi'iniition  w'ill  be  sent  laiek  to  llie  Mennirv  <^onrrol  i‘entei\  bv  wu\  of 

k 4 - 4 

ilie  (Joddard  ( 'omimmu'at iotis  (\miet\  'rniekin^  arcjuisiTion  infor- 
mation is  enh'tilaied  at  the  (iodilurd  ('i>ni[miin^  ('enter  and  is  sent 
on  I to  the  t'enmle  sites*  It  will  be  an  ol>jetai\e  of  tlje  etmtt'ol  rente  i' 
to  keep  file  remote  sites  us  fully  iti funned  on  the  (■nrreni  sinmlion  us 
possible,  'riius,  in  theevtnd  id' a breuktlown  in  roninmniiuit ions,  they 
may  he  beltei'  able  Xu  make  derisions  independently  if  a eriliea!  situa- 
tion develo[>s.  The  various  limes  f>f  retrotire  will  l>e  eontinnonsly 
(*om|>nted  on  the  tiasis  of  new  inftHaiiation  as  it  lan-mni^s  available,  mnl 
it  is  imjKM'ative  that  remote  sites  !)e  kept  up  to  date  f>n  these  items. 

As  the  time  of  reentiw  is  a|>proa<*lied,  the  eoni rol  (-enter  wdll  lie  su|^- 
plied  willi  f T-aekin;j:  data  from  t he  eoniimters  at  (lodilard  and  tlie  )na*s- 
entation  of  impatU  [ovdieiion  will  he  *jiven  in  ta*ul  lime.  Tlie  main 
fnnetion  of  tlie  eoni  rol  <umtei‘  at  this  time  is  to  keep  rlie  re<'overv 
forces  np  tu  date  cm  iinpaet  precjicliom 

1'he  proliability  of  eapstde  luiidin'j  hwade  varies  thronulinut  tin* 
ditferent  iilinses  of  a flifriit  and  is  a major  factor  in  establisliin^  the 
iveovery  TV(|niremeiits.  'Die  basic  tddlosojiby  of  recovery  in  the  Merm- 
en ry  jiro^rani  is  to  |irovi<le  a ra|dd  recovery  caiiabiHiy  t ! j in  tlu^ 
mn'inal  landin^r  urea:  (li)  iii  those  anais  where  laiidint.^s  would  oc'cnr 
in  (uise  of  an  alioia  dui'in^T  tlie  eurly  phasi^  of  : ami  i-t)  once 

eucli  orbit*  *'Ku]>!d  re<-ovei'v"  implies  that  location  and  relrit^val 
velucies  arv  on  station  in  iliest^  areas  dni'inL^  orbital  to  assiin*  re- 

covery wdtbin  a s]HU‘ified  time  tlmt  is  in  the  order  of  from  Io  Vp 
houi's*  All  Ilf  the  re<*overy  ai’eas  result  in«^  from  tliis  rei'oviu'v  [ddlo>- 
o]ihy  :u'e  hu'ated  in  the  Xonli  *Vthmtic  Oc-ean*  "Idle  |>roliabiliiy  of 
containing  all  himUn^  jioiius  willdii  tliese  aivas  is  very  ]iic;Ii* 

Tile  planned  reco^tny  areas  ai'e  >hown  iiL  ti^iire  :itl*  In  addition  to 
the  nine  areas  dt^picled*.  a luniic-li  site  recovery  area  exists  at  Cape 
Canaveral  in  the  event  an  ahoi’t  otviirs  dtirin^r  tln^  final  lumnldovvn 
or  early  in  the  boost  phase  of  lli^rht.  The  lauiu'h  siie  lecoviny  for<‘es 
will  have  tlie  ca]>abilM y to  effect  recovery  for'  a caj>stde  on  himl  or'  in 
shallow  vvatiM'* 

Should  iin  nnsat isfaciory  condition  develop  during  [amudn  a mis- 
sion will  l)e  alN^rted  so  tliat  hindin^is  from  such  conditions  will  !ie  con- 
tained in  areas  one  throu^^h  six*  If  tlieoiOdtal  [ai t'ameter^s  at  insct'tion 
ai‘e  satisfactory  and  if  the  cafisule  systems  are  functioning  ]U'frperly, 
tlie  capsule  wil!  !h*  jienuitied  f<p  continue  in  orbital  tli^lit^  In  c*ase  of 
^'iio-c-o"  decision  at  orl>ital  inserlion,  the  alMiri  pnK'ediires  will  iM^such 
t bat  all  lundiiiL^  will  i^ontained  In  ai'eas  five  or  six. 
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If  :i  det‘ision  at  in^seriion  \s  ni!uh\  IIm^  (*a]»siiU'  is  t'diunui hal  to 

tin*  (^fUrihUM  i<in  of  a(  haisl  r>T'hit  a landing  in  n plamit'd  nvvn 

is  |)Ossif»U\  Plainit'd  rvrowry  anats  srvtai  tliroii;flt  miu*  st  Ilford  tlir 
laipabil it V \<\  alH)!i  or  fnaninsilt*  i\u*  <au'r  tau'!i  nrlnl*  Krtt'o- 

r'0(*krt  fir  in;/  points  I'ot^  landing  in  (tn^sr  llirr<‘  nr<ais  iiiv  lot^atrtl  ap- 
pi'fiximafrly  miles  off  tlie  wvsi  <*oast  uf  the  I’liited  States,  Aftt-r 
passin^^  the  retrofu'in;/  poifits  for  area  six,  ap[n’tKxiiimtely  iiiimiH^s 
of  orbital  lli;/ln  time  are  ref[iiite<l  lo  reaefi  tlje  ret mtir in;/  pobif  for 
iirea  sevein  A]>pia)xima(ely  On  minutes  td'  lli^rht  t ime  eiapsi'il  in  \)vu 
from  ret  rf>firin;i  point  seven  to  t^i;rht  and  ei;/lil  'Hins, 

nrtce  the  deeisinn  is  made  at  insertion,  the  ea]>snle  is  eoinmitfial 

to  a eoin[>arat i vi^ly  ion;/  Ib^lit  time  before  hindintr  in  an  niaai  wheja* 
slu>rt  teiaii  iwoverv  eapabilily  exists. 

liaektip  ami  redumlarit  systems  have  been  [)rovided  for  all  bnsi(' 
caipsnie  systems  sueh  that  the  [jrohalnlity  of  a inalfmietion  ocTurrin;/ 
in  orbit  is  tamsidered  iTtnote  ami  the  sintidard  operatiii;r  |>r<M'edure 
will  1h^  to  terminate  the  nnssjori  by  lamlin;/  in  a planned  arcai  if  at  all 
[possible.  no\vevei%  a idanneil  (‘onrse  of  aetion  for  elt'eetiu^  the  i-e 
eovery  in  a lo\v-[n*obaliility  rontin;/em\v  area  is  also  rerpnred.  In 
addition  to  I be  reeoverv  forces  in  the  Allantit‘  Oeeaii  sevet'al  standby 
shii  >s  and  aircu'aft  siatimied  iimlei*  the  m*bital  l!i;iht  i>jiths  will  !h^ 
alerted  for  p<issilde  ta>nt  in;ren<’y  reta>very  operations. 

Asi'lioXATT  Pkikhcam 


'Hie  seven  MereiiTT  piltUs  ]>art  iei[)at<a!  in  niimtM'ou^  t rainin;/ a(‘t ivi^ 
lies  (hiring  the  past  yi‘ar.  Hiey  also  hel]>efl  to  establish  many  of  the 
Mereury  0[)eratin^  fU'ocedures  amt  subsystems  desi^ni  details,  Kntdi 
is  an  en;rineer  and  has  been  assiirm^d  to  work  in  a spf^tdahy  ar  ea.  Kaef] 
man  is  intensely  interested  in  lla^  [>r(»L^ram  and  has  a sincere  desire  to 
fie  tdmsen  for  manned  fti;/hf.  The  astrmnnit  liio^rra|)hit's  were  pre- 
sentetl  in  I bmse  I{e])ort  No, 

FI Uj hi  Hf //} ithrior^ 

'Fo  familiarize  tlie  pihjls  with  the  capsule  and  (lie  vaimm^  normal 
and  emerpmey  o]jerational  aspetns  of  the  Mercury  fli;rhi,  th(^  follow- 
inif  simiilatoi's  and  facdiities  wetn^  amoni/ l tiose  utilized  dni'in;/iln»  |>ast 
year : 

h M<-I)onnell  has  provided  two  pro(*e<lures 

Irainei’s  f<ir  Ih'ojeet  Mercury.  'File  interior  arrauL^'ement  of  thesis 
iruinei’S  is  identical  to  that  of  iliecapsiihs  'Fhe  displays  within  the 
trailiei'  are  operated  by  hiirh-speed  (^ompuiet*s.  ( )ne  of  i ht*  trai net's 
is  !ocaH‘d  at  the  s[«n'e  task  |iroii]>  ami  is  used  to  familiarize  the  astro- 
naut with  o]>eniti(m  of  tfie  capsuh^  system.  It  is  also  used  in  con- 
jnnction  \sith  a remote  netwfirk  station  coii'^iile  to  provi<le  training  fur 
I lie  i*apsnle  systems  and  aeromeilical  monitors*  "Hie  second  irainei'  is 
hH‘at**d  at  <'a|)e  ( himiveral  and  is  usi*d  to  proviih-  mission  >imutation 
Irainiri;/  ffir  tlie  asliH>naiils  and  the  tli^^ht  coin  ro) let's*  It  also  a i els  Iti 
the  checkont  of  t he  computer  i'ii*cniis  in  rlu‘  ( baldard  ( 'oJiijmiI  iiip^  ( 'en- 
tetmind  fhe  tr'ajeiUory  display  equipment  at  the  Met'cnry  control  cem 
ter,  Fi^'un^:i7  shows  liie  insi  rm toil's  eonsfjle  for  t lie  ]uocednres  i f'ainer 
and  1 )ie  ast  r<niauts'  crtpsule  ^imnhuor  In  t lie  Vvack^/roumh 
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Figure  27. — Procedures  irdiner,  instruccor  station. 
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2.  J oh Tlie  Xnvv  ri  tuirt*  af  Jn|ni>\  i)1l\  Pa,, 
1ms  also  litHMi  u valiialilt'  sliimlat or,  'I'ln*  MrrtMirv  |41ois 

ha ve  1 lirt'tM rtiiiiin^r  ^t'ssioiis  ai  Mils  i'm  ilily : i lu'  last  si^sion 

was  a tva i is!  i(‘ sitmiliil  ion  of  tlu^  Krilsttmr  iirvlama'h  ari  i\  il  ia.- ninl  in 
roiUr^ol  Thasi^  H*sls  atst*  provi^hsi  an  o|i|njrt unity 

l'(jr  siHiiO!  of  tlio  stations  aarojuiuli^'iil  monitoi\s  to  ijlisto‘va  I ha 

(Iis]>lays  of  lhr>inedi(.ai!  iitsi rmuantat ioii  dnrinjj:  arradrrat ion.  'Hir 
reiitrifu^tV^ondohi  arnniytuntuM  is  sljowii  in  ami  tlHM‘losmi|> 

of  an  ast  rotmni  within  flip  <roml()la  is  slnnvn  iji  ti^oirt*  lilL 

Zf  ro-f/roriti/  pi)t>ts  hav'e  had  thrw  rip|)ort  unit  irs 

in  partit'ipiOo  iti  vvei^hl  lass  living  ivsrar<’h  |>r(j^rams»*  Air  Fona^ 

( and  F"Jot3F  airrr'afl  wio'P  listed.  By  Hyin^r  /an"o-^niv- 
ity  parabolas,  these  aircraft  achieved  fjeiaods  of  u eiirht lassness  b> 
seconds,  *Hi)  seconds,  atid  (io  set'onds,  respectively,  Astr<*naui  Slu*|iar<l 
exper'iemaal  T>  ininuies  of  wei/^lit lessness  iliiriii^r  jla*  ,M  \l~il  fli^lit.  No 
at!vei’S(^  etlVcts  were  realized, 

i.  Mu  nif  f JV.V  — "I'lie  nndt i^iinballed  simulator  at  the 

XASA  Lewis  Ueseaivh  ('enter  was  used  fur  julot  imhicUanatifUt  at 
liigli  values  of  uiifjular  jMvadiTUlion  and  rotation,  'This  facility  was 
o]H*rated  ai  revidutions  ]ier  minute  ahouf  all  threi*  ao/j;ular  axes, 
rhe  |)ilot  tised  a manna!  react i(m  control  system  t ctmt[/r*‘sse(l  nirro- 
^eri)  to  stop  the  rolalions,  'I'he  [>ilf>fs  snrressfnlly  maintained  orien 
tat  ion  at  anjriilar  accelerat  ions  far  in  exet^ss  tif  any  which  will  he  eii- 
<a)untered  in  Proje<^t  Mercury,  A [dcMire  of  lliis  fachlity  is  shown 
in  ii^nre 

/-Jf/rpss  frf/huti{/,~W\ho\\^]\  rliepil<n  would  mirmally  stay  wiiliin 
the  ea]>snle  until  it  had  been  jihuanl  ahoai^l  shi[>,  there  is  a possllhllty 
lliat  he  mi^hl  <lesin*  to  climb  on)  after  a water  latidin^o  K^ness 
mi^^ht  l»e  desirable  to  facilitate  rapid  rescue,  in  the  event  of  Iii’L^Ii  lem- 
j)ei^atiires  witliin  tlie  capsule,  f>r  if  tlie  ventilation  systiun  were  fiof 
fnnet if>nin^^  ]>roperIy,  To  a(H^fnn)jlish  eJrr^^ss  tT'uinin^  nmler  realistic 
sea  tamditions,  an  ejiress  (^^►snle  was  taken  to  Pensacola,  Fla,  'Fin* 
egress  caj)suh^  is  a boilei’jilate  model  njann fact n reel  by  Mcl>onnelI 
Air(‘raft  rorj).  MVi^Iit  and  bydrodynamit-  characteristics  a *v  iden- 
tical to  that  of  the  ftijrbt  vei'sion.  The  Interior  inocku]>  is  identical  to 
tlie  fli^dit  version  and  affords  the  same  tleiri'ee  (d  e;rress  rest  lict  ion, 
leave  tliron^jrh  t!ie  top  ctf  tln^  (*aj)snle.  the  pilot  must  firs?  ndease 
his  restraint  harness,  commnnicat ions,  oxy^^en  hoses,  and  hioinstni- 
mentation  conne4*lor,s.  He  theti  raisins  partiallv  om  of  the  couch  and 
removes  t!u*  P^-fof>t -iliaiiieter'  bulkhead  frimi  rhe  top  of  the  [iresMirizcd 
(‘omparf ment.  Xext  lie  must  [>ush  the  tuupty  [mrachnre  t'ontainer  tmt 
of  the  cvlimlri(Ml  neck  of  the  capsule  and  w<U'k  himsidf  out  tlie  to[>, 
lli‘  tlieii  iidhiies  his  liferaft  and  ties  it  to  tiie  riiiiside  tf>  maintain  rhe 
cai>siile  adjat'eiit  to  the  liferaft  and  ijike  a<lvanta;,m  of  the  ca[>SHle 
reci>ver\’  beacons,  A ]>lioi o^ra pli  of  one  of  ihe  pilots  emer^iiiii  frmn 
the  ecivss  trainer  capsule  is  shown  in  tiirur'e  . 

For  normal  lielii^opter^  recovery  a pr'm'ednre  lias  la^ii  developer! 
wlierehy  a hovcHne  heUco|)ier  lo wei^s  t\vo  lines:  out*  attaches  to  the 
caiisnle  tmd  Itolds  it  ere(*t  while  the  second  line  lowers  a slino  near  tie* 
side  tiatriu  d'lie  ]hh>t  then  era  wl>  t Inon^h  the  Imtch  into  the  ^liny 
iitnl  is  lifted  into  the  helii^opfer,  'l  ids  is  the  pt'ocednrv  that  was  used 
after  Alan  Shefan'dV  itedstone  Hi^ht, 

Pnder  emergency  (^omlifions,  niiich  im^re  ni|>id  e^rre.'ss  is  possible 
tlu'tm^li  rile  cajjsute's  !^ide  liatcli. 
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liorkffnrutul 

Pi'ojwt  Xfpivui'y  is  no'v  yeai's  oM.  Since  its  inception,  nn  ex- 
tensive wind  Iminel  :md  tUtrld  ^est  profrruin  1ms  heen  cnrrted  out. 
involving  Inindmis  of  wiiui  tunnel  iind  uii'phme  drop  tests  and  1*2 
succc'ssfiil  major  ixH’ket  laiineliiii^.  including  the  first  nianned  snh- 
orliitul  fti^lit  witli  Asli'oiiiuit  Alan  H.  Shepard,  out  of  1'>  attempts. 
The  iM)X  fs'ore  is  contained  in  talde  I,  The  ^^ercnry  prmlnctinn  eap- 
kiiIp.s  have  l*een  destfuied,  enjjineered  and  tested.  A major  network 
of  cominnnieations  iiikI  trackitt^  stations  is  nearing  eoniplel  ion  (table 
II),  and  train iiifT  exercises  of  Imth  the  systems  and  tlie  astronauts  are 
pro(ri-essiii^.  Talde  III  contains  the  current  nmnniiif;  level  inquire- 
ments  for  the  worldwide  tracking  and  connnnnicntions  network. 


Tabi.k  I. — /'m/cc/  Mvreury  w(«;ur  rwkvt  lrniii 


Jinofttfr  vrhiric 


1 t t J OP  ■ r-t--^*.*'**-***#  + 

uttui  Joo  n 

uitip  Joe  nr._.._ ....... 

Little  Jod  IV^__ 

Little  JfW  V 

Little  Jo4'  V*-A 

UttlpJoP  V-It 

Allmt  llif  Joe. 


Mercury  Allfwi  I .........  .... 

Mercury  AtUs  II............ 

Mercury  Atlas  III..  ........ 

Mercury  Hetlatone  1.... 

Mercury  Iterlsume  fl. 

.Mercury  He<1stonc  HfMuiter 
])evelfipnieDt. 

Mercury  Hctlstfine  111. 


OhjpcMves 

Aehli‘Vetl 

>Tot  iicbievcfi 

. X 
. X 1 

. X 
. X 

CafTsule  (lid  not  sepn- 
mte. 

X 1 
X 

. X 

^'x'  1 

deatrdyei]......., 

X 

Atlas  desiroyiiNi. 

X 

i 

X 

X 

J^urpow*  of  te»t 


launch  vehicle. 

Test  cittisule  eseupe  syslem. 

IHdlh  iiitltmle  abort  awl  capsule  stn- 
bUUy, 

Repent  of  Little  Joe  11. 

Cajisule  abort  test  niuler  sever*'  cotull- 
t 111  ns. 

PmiucMon  eaiistile  fiiiiillUctiilon  testi 
Rerleal  of  LUllo  Jiie  V-  V, 

V^alhUiilori  of  ahlatlnn  hmi  sliirM  an’l 
eapsuto  tlyiiikmic  stnbJUty  iliiriiie 
hytsersonlc  jT*‘rury. 

Maximum  rr*^ntry  heal  tesL 
Kc[)eiii  of  Mercury  Atlas  I. 
rnmanneil  orbiml  tit  tempi. 
rupRile  ciutillfletiiliih  umier  normal 
balllutic  nkht  comlllkins, 

Te,u  of  Capsule  life  support  system  with 
chlmimntcc  “Hutu.* 

Flifthi  qualify  Uaistcr  control  system 
chanRes. 

ViTSX  mtiTme^l  siiliorbltEil  IliRhl  vkith 
Astronaut  Shetuirtl. 


I li^rtlally  nchloveiL 

p 
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FiOLHt  31.  Mcixiun  aiitrunaui  undcntnitig  training  in  i'afMult'  I'^rciui  [>roccdum, 


74 


PHOJECT  MERCURY 


ruot  fU  tH'U  <V  -V  ii  U rf  ftf/  tfSffht 

the  \u  dinmiMer  tuid  feel  it 

eoritjiins  n eomplex  urt^fiy  snhsyst<‘ms  jtml  iiinmial  eonn‘i»|>,  'flu^ 
aMJimIe  i/uinml  sysft*m  is  iiJi  exanipU*  of  n rjipsult^  sul isystem 
with  many  imalescjf  M[>eni*inn  avaitahle  tu  tlie  pilot,  'riu*  eoitirol  sys* 
tem  i*(msi,sts  of  n nianual  svstem  ami  art  automiuit*  svstem;  lit>wever, 
eai*li  of  tliese  etaitiiius  several  mraies  wliieh  rail  he  iistnl  at  (he  ttist^n*’ 
tion  of  the  ])IIot.  He  ran  selec't  the  (lire<a  iitaimal  mode  in  wliic'h,  hv 
means  of  a linml-ronl roi  sti(*k,  lie  moves  a meelmniral  linkage  whirli 
is  annelieil  to  valves  in  the  liytlroy^en  peroxide  lines,  'The  valves  ran 
ihen  he  opened  |M’(i|)ort  ionately  to  the  amount  of  ihnist  he  desires, 
Hy  llirowiny^  a swifrh  lie  ran  aiiL^menl  his  nianual  input  witli  eleetri- 
rally  o})erated  valves  which  ai'e  rontrolltnl  Ijy  a sejtarate  set  of  yyro- 
seopes*  'riiis  ailditional  ^yi^o  in|>ut  (ends  to  sto|>  any  rapsnli^  motifni 
wlurh  exists.  f!e  (^an  select  a pni’ely  automatic'  imwle  in  wliirh  sj)erial 
liori^on  sensiiifr  plicitcKTlls  semi  signals  to  sinhili/e  n set  of  attitude 
;iyros  wliicOi  in  ttini  send  signals  to  eleetrirally  operated  [jeroxide 
valves,  lie  ran  nn<*onph'  the  allilude  ^yros  in  the  aiitonmtir  system 
so  that  the  react icni  jets  nn‘  artivated  hv  an^nlar  rate  ^yixis  rather 
than  attitude  p**sition  ^yros.  'The  eapsuU*  ran  he  manually  lh»wn  on 
tlie  aiUomutii*  svstetn  hv  ele<Mrirallv  linking  (lie  liaiuhrnnt red  siiek  to 

ves,  I >urin^  tlie  ret  I'olirinfr  maneuver,  ( lie  ]>ih*t  would 
rmrmally  rhcMJst*  to  sm^ment  the  lUKoimuir  system  hy  the  use  of  tiie 
manual  svslmn.  If  a valve  in  the  automat ie  svshnn  wtu't*  to  fad  in  the 
Open  position,  I lie  pilot  would  shut  otf  that  parlicnilar  axis  of  the  auto- 
mat ii^  system  ami  manually  ('ontrol  tlie  i^afi^sule  attitude  ahout  tliat 
axis.  1 he  jiilot  would  nonnally  use  the  mitonmtir  mode  white  in  orhif, 
(liertdiy  permitiin^  full  anenti<m  to^i^ound  and  sky  ohsei'vations  and 
to  ivporfitijr  tlie  hehavior'  of  the  vainous  nipsnle  systems.  In  all,  the 
pilot  ran  seleiU  any  of  20  dill'erent  modes  foi*  the  capsule  c'ontrol 

system, 

1 . . . 

'Die  attitudi^  ronirnl  system  is  cmlv  one  of  the  capsule  suhsvsieins, 

AIs4>  cont i^fdlahle  hy  the  pilot  in  a numhei'  of  ditlerent  modes  are  ^lie 

electrical,  commumeat ions,  life  snj)poil,  iTti'ofirin^,  lamlin^,  anci  re- 

eoveriim  systems.  In  addition  to  these,  he  ran  manuallv  ac'tnnte  tlie 
1 • ^ ^ 

normal  autoinuric'  sta|uen(inl  operations  svirli  as  escape  roc^kei  lirin^jf, 
capsule  separation,  ami  tenver  separation.  By  providing  the  |>ilo( 
with  complete  control  en'er  tlje  ca|)snle  opei^ation,  a hi^h  deprive  of 
safely  liasUvn  huilt  into  the  Mert  tiry  concept. 

Dining  SheparcTs  flij^ht  in  the  manual  t*ont  rol  system  was 

used  dman^  all  the  <‘ritii‘al  rnaiienvcrs  afti^r  ca)isnlo  se|>aration,  'fhe 
ivtrolii'e  maneuver  was  accoiu|dished  hy  usin^  ihc  nnuiiial  conh^ot  sys- 
tem ami  ol)stM*vin^  ihe  rate  and  aftiiudc  imliciuors,  Sliepard  re* 
[jorted  tha(  the  t*(>cki*f  thrust  misalincinent  was^rnall  and  c*aU'ed  rela- 
tively low  (onpics  on  tlu*  cap^nh».  lie  fedt  that  the  actual  nnc-|dur 
ai’celerat ion  im|Jatl^^d  to  l he  t*af  i''n)i»  pn>vi<led  motinu  rue?'  which  inade 
at  I it  lule  cotit  rol  easier  than  in  t lie  Mxih  I ha  sc  simnlaf  fa's, 

Sla^panTs  (li^rlii  [U'^iceeiled  verj  much  ti-  [daiimsl.  Me  <lid,  how- 
ever, tiotice  a mild  viljraiji>n  durinir  lannelj  n<  t he  ('apsule  [uoifn^sMMl 
throii;^h  the  iran>ouic  S[>eed  raii^re  aini  eontinned  until  the  imuximnni 
dynamic  [U'essure  n*;rion  had  Innui  eneonnttUHvl,  I Ie  hdt  t hat,  alt  hoiie-h 
his  vision  was  somewhat  hhirred  dmauL^  tliis  |ii-.H'(‘ond  vjl»nifiiiii 
pfUm>4l.  he  eoiild  havi*  iini>roved  his  vision  hy  rai^ini^  his  heinl  from  the 
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rcMicli  TUvm  vibnilions  wimt  .-aiis*-.!  l*y  iH*r<«lynumi.-  i url.ul<‘nci‘ 

aownstrc:im  fr-m  il»‘  rai)s,.lo-l«-iuln].UT  rHijr.  , 

Mifrhts  will  s|it'i*iiil  I’liniip  fiiifinffs  wlin-h  sluaihl  i 

thifu  I 111*  t iirl»iili’iUT  suiU  iiul  viln'il  _ , ,i  • 

riivsioliiK'n-ii'lv  S!ii-|mnrs  |»Tfornmmv  was  vt-rv  siiiiiliir  >n  i liii 
niisi-m-.l  iliuinir’iiis  miiniiifr  srssinns  on  thf  iTiitrifu^rf.  Hi« 
nitc.iis  n.onitori'il  nn  KK(I  tnia-s,  di.l  not  W’...  uml  I' 

tion  nilr  was  ttortiial.  ZiMti-trnn’Hy  n"  -liIlK-uhv:  in  fart,  lii* 

.-..minnti-  iluratlmi  of  w.M;rlii  li-ssm-ss  was  hanily  non.Yl.li-  U-.-misi.  lu^ 
iittPhtion  wus.Kvnim**!  with  ni|.snle  c'oiit  ml  ilntipsaml  viMml  ohsann- 

tiims  1 hrouirh  tin*  tn'i'isi'niw  iiml  wiiiiimvs.  . i-  t >. 

l{i-^ullK  of  lln‘  MH-:i  tli^'hl  indioiU'  that  iln*  iiiha  pi*rfonni*(t  as  i*x- 
ppHfil  and  that  tin-  )>ilot  should  iiK-masp  the  pmhahility  of  siicmss  tor 

till' orhiinl  mission, 

ruomuM  Man.\okmknt  asp  St-rmnT  < )n(iANi/-.vno.v 

Till'  t.m<;ram  nmnnirmiuml  sirm-lun*  for  l*mjn-t  ^I^>^•nrv  is  shiYt' 
in  lijrniT  tl‘i.  I !a*  I^iup'r  Task  (irniip  (lifj.  at  Ijanjrh'y  I*  n*ld,  \ a., 

has  t lu*  ivspoiisihilit  V I or  ovprall  proji'ft  (lii  I'l.'t  ion. 

Span*  Task  Croup  is  iimlrr  thf  dirn-tion  ot  Mr.  1voIy‘  '"  r’'* 

ami  his  two  assoriaU's,  Mr.  (’hnrh-s  J.  Dmilaii  and  .Mr.  W altar  t . 

M'ithin  tht*  X.\S.\  orjranizat ion.  projmt  support  is  hy  Mm 

Laiifrh-v.  .Vmos.  lanvis.  and  Flijiln  Ufsi*arrh  ('rntiY.  i he  .Marshall 
Si.a.-e  t'di^dn  (’enter  of  has  the  resiMmsilnlity  for  providinfr 

and  laum’htny:  IJedstone  launch  vehicles,  v » . . 

'I'he  .Mercmv  capsules  or  spacecraft  are  produced  to  >.\>A  speci- 
lications  hv  the  .McDonnell  Aircnift  (’orp.  and  assm-iated  suhc'mtrac- 
tors.  In  addition  to  piodncinjr  the  ca|MJVi1es.  McDonnell  Aircraft 
(’orp.  provUles  personnel  services  for  preparation  attd  launch  of  the 
si.ace.-ra ft.  associated  L'round  support  etpiipinent.  tt'search  and  devei- 
opnieni  Imnlware.  fliffht  simulator.'.,  and  other  trainin':  e.|iupmeiii. 
.Major  stihcoriiriictors  to  McDonnell  are  as  follows : 

Minneapolis- Honey  well  r .Vntniimtic  stahilizatioii  and  control  svs- 

tern. 

A ilv(‘sininli : KiiviromiHMitiii  ronl  rnl  system. 

Beil  Aii'''i’Hrt  riii'p*;  Hy<iro^ren -peroxide  wiitro I system 
Foo.1  .Machinery  ( ’ori».‘:  linckup hydrnj:eii.pem.\ide  cm 
Fa^le-Picher  ( 'o. : I hi  Meries. 

( ’olliiis  Hmlio:  ( \uniimninitions  system* 

( "iiiriiinut i Fest Ijulinrulories:  Ablation  lienl  shieltl. 

Hrnsli  BeryHiimi:  lieryllinin  beat  sliielcl. 

Umtinphone  I division  of  Northrop:  system* 

( Jrsiml  < VTUrnl  litu  kef  ( : Rst  npe  nn  ket. 

'Fhiokfil  < liemiral  ( ni'|K : Itei  uiul  posi*rrade  roekets. 

1 Vi’kin-  Kliner  ( 'o. : 1 Vrlseope, 

Barnes  Instrument  t'n*:  I forizonsfatimer* 

'Fhe  Atlas  huuMh  veliieles  /or  Projec^t  Memiry  are  pnKlm-ed  Uy 
( 'onvair  Asironaurhs  ami  assiHuaied  contmriors  umler  the  maiia^ty 
meui  Ilf  t(ie  *Vir  Koive  Ballistii*  Missiles  I)ivision  amt  its  assoiU* 
a ted  niuna^eiiieiit  eouiraett>r,  Aerospare  ( or|>*  Ijinineh  of  ilie  Atlas 
velnele  is  t he  re>ponsil  vility  of  I SA  F “UM 1 h 


‘ojit  ro 


NASA 


SPACE  TASK  GROUP 


NASA 

RESEARCH 

CENTERS 


NASA 

MSEC 


ATLAS 

LAUNCH 

VEHICLES 


USA? 


BMD 


CONVAIR 


SPACECRAFT 


MCDONNELL 

AIRCRAFT 

COMPANY 


DOD  SUPPORT 
FOR 

OPERATIONS 


ICOVERY 


■NETWORK 


NETWORK 


UCAL  SUPPORT 
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SPACE  TASK  GROUP 
Office  of  Director 


BUSINESS  management 

Pr(xur«rTk«nt  and  Suppl]^  Offset 
PvrvonnQl^  Officn 
&ud{|*i  Qf>d  hnanc«« 
Adm^niflrgtivff  $crvbcei  Offpt> 

5«Cufily  Offlc* 


staee  office  & 

Allrgoautl  ar»d  Trs>ning 
PiQirali  CompMtpog 
Pub^tr  AP^ainri  Offi'cc 
Tvchntcal  S*rv<tpi 


FLIGHT  SYSTEMS  DIVISION 


ENGINEERING  DIVISION 


OPERATIONS  DIVISION 


AK5UO 

reOJiCT 

OfMCE 


MERCURY 

SUPPORT 


MtOONNELi 

FfElD 

omet 


CAPSULE 

COORDINATION 

OFFICE 


AMJ7 

PflOJEO 

OFFICE 


ElEORICaI  systems  6RANCM 

ComfTvuriicgtiMi  S)Tft9ni!t 
Imifumpnf  Syu«mt  Swc^^Qfl 

FLlGMt  dynamics  bRANCH 
Fljghi'  CfiMVtrcl  Sv^ion 
Dvnom^ci  Angtyflt  S*CtiOA 
SpOC*  Svcl'iort 

A*rc»dyngm4«  S*ctio^ 

LIFE  systems  bItANCH 
Avi-gipdcv  M^d-icql  Section 
Cf*w  Ef^ukpfn^nT  SKliOn 

SYSTEMS  ENGINEERING  IRANCH 

Syftatnt  lnri*gHMXiiM 

u^pmvfii  Ei^t-nnrmg  S#ctiori 
MKhamepI' 

STRUCTURES  SRANCH 
Stniclurol  Anolym  Sicfiofi 
Loodi  S*ctron 

H«t  TfoflUcr  S«ltM 


CONTRACTS  AND  SCHEDULING  BRANCH 

Conlrq^ll  SffClron 

Sch*dol»np  S«ilDn 
PROJECT  engineering  bRANCN 


MISSION  ANALYSIS  BRANCH 

fra^^ctoTY  Analyiit  Sqctioo 
Optroli-CKtol  Anolytkt  S*di»*> 
Mottk«mahcgl  Anglytii  S«1iOP 

FUCKT  CONTROL  BfTANCH 

Cantrg]  CvnHgl  q-nd  FLght  SqTely 
S«ctiqn 

Tfcrimrvg  Aidt  Sscltqn 

RECOVERY  OPERATiONS  ftflANCH 


launch  operations  branch 

IrittTumqqlQTiqq  Stdign 
Cqpl^^v  Srit^rni 
Technical  5#rvicei  Section 


Fua^RR  NASA  sjJticr  Lask  t^roup  orgiiniKation. 
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The  Alius  luiinrh  \eliicles  eliffei'  fi'oiii  stuiulunl  missile  hiiinehiiip 
models  in  ureus  of  yuiduru‘e,  inst nimentut ion*  struct urni  uttiu‘Iinient 
of  tile  eujjsule,  and  in  I lie  |Movisinn  f>f  utifoiniitir  in-lli;rht  failure  sens* 
inp  eipll|iilient  fi>r  escape  system  aetiiat  ion, 

Liltie  JiH'  luunrh  vehii*ies  ami  rot*kets  weie  prodtireil  by  the  Norlli 
Amerieun  Ayiuiion  iniil  'rhloknl  C'iiemieal  (’o,  lo  sjH'ci Heal  inns 
formula  led  liV  ilie  NASA  l-iinfrlev  Hesean’h  ('enter,  Lsumeh  of 
Little  ilrn*  vel deles  and  Inaieli  iiboii-  tests  are  tin*  resj)4*nsitnlil y of 
the  W'tillopH  Islniid  Station  t»f  XASA, 

Tlie  NASA  Lauffley  I{es4*ai'eli  (Viiter  is  res|)onsible  for  the  phiti- 
nin^  and  implernenia'l inn  of  the  Lrnjeet  Menairy  jrround  h’aekin^^ 
and  laujimmi K*ai ions  network,  d'lie  Mid'  Ijnt'oln  Lalairaloiles  have 
pi'ovidtal  teelinieal  ussistanee  in  ilie  network  phinnin^  ami  the  Wd^st* 
eni  ICIeel  rie  ('o,  has  heen  yiven  prime  eont  r'uet  responsibitity  for 
desi^m  and  t'onst  ruei  itjn  of  the  iietwiirk  system*  Maj<n’  stdKaujtrjulors 
to  Westet'H  Kledrir  are  listed  on  [k\^v^  -M  and 

In  atldilion  to  |>laiiniii^  aiul  making  rontractiial  ai'nui^ements  for 
the  netwoi'k  roust riict ion,  the  Langley  Ueseiindt  (Viiter  has  arrari^eil 
with  the  Depart mt^it  of  Defense  lepresentatives  for  nsc*  of  t‘*vistiti|r 
run^^'e  fiu-i lilies  and  has  [anli(d|mted  iti  arran^emetrts  wdtli  foreign 
^ovtuaiTiieiits  estaldish  Menniry  siatifms  ami  leusirj^  fotei^n  ronn 
muni(‘ut ions  facilities, 

d'lie  Depart mtuii  of  Ik'fense  piviviiles  a very  Imiad  raii^i*  of  sup- 
port if>  Projeei  Met‘rnrv,  Altvady  mentioned  is  tin*  part  played 
hy  ilte  Air  Hallistir  Missiles  Divisitai  in  supplying  and  launeh- 

injLT  Atlas  veldrles,  Tlie  *\ir  Fone  also  provides  Air  !trs«*Ue  Setwi^a* 
aircraft  for  (nifisule  seiir(*h  and  reci^very  o|«‘ralions,  ma|i-inakin^ 
st*rvit*es  of  the  Aen>nauliinil  ('liurt  Information  <'etUei%  loan  aircuufi 
for  network  station  cheekonf,  and  asti'onaut  normal  flight  and  zero-^ 

I raining,  AMli  launch  facitiiies.  comro)  center  faci lines,  medical 
sii Import  at  ('a|»e  (^immu'al  and  rvuiote  stations,  and  use  o!  i»xistin^ 
network  facilities  and  nmn[>ower  at  sevei'ul  of  the  Mennirv  network 
staiif*ns*  d'iie  Aerospace  Medical  (/entet^of  the  All'  Fort^e  Isas  also 
f^iven  assisfanc'e  in  usirfmaut  traininji  ami  lias  su)>tdied  animal  te„st 
pa(*ka<res  for  use  during  tin*  Mercury  Ili^fliT  te>i  pto^ram, 

riie  Anny  has  loatieil  trackiny^  espilpment  tfj  NASA,  has  made  tlie 
White  Sands  Proviiifr  (i round  faciliiies  aviiilahh*  for  network  use, 
will  provide  a stdistantial  share  fif  DOD  imalica!  su]itajn  to  Proje(*t 
Mei’cnry,  has  supplied  i^oiiimimiiait ions  e<|tu(nia*iH , ami  lias  su])plieih 
u.m|jhibions  vehitnes  for  us**  in  jiossihle  laundi  siti*  recoveiy  op(*ra* 
tioiis,  Th**  Army  Kedstoiie  taumdi  v*djicle  will  he  used  for  imnianm‘d 
and  manned  Imllisti*'  flights, 

'Hie  Navy  has  la^eti  jiiven  iH*sponsibility  fiu‘  tlie  Merciir'V  spaceci'afl 
recovery  fioerai ions.  Tin*  Navy  recovery  commander  vvdl  liavt*  ele- 

*1  4 

ments  td  the  Alhuitjc  f'leet  and  Air  Rescue  Serviiv  at  Ids  command 
for  eU'etU in^  I'apid  n*co\*ery  of  the  capsule.  Destroyers.  LSD's,  mis- 
cel1anef>us  service  vessels.  Marine  heliccipters%  pat  nil  a in*  raft  ami 
eai'Iy  warning  ainu'iifi  will  all  l»e  utili/ed  foi'  s<*ai>di  anil  ivcover\ 
ojienif  ions, 

d’he  Navy  is  also  providing  a^^istance  in  the  const rm^t ion  of  the 
('ant on  Isluml  network  statiim,  has  loaned  command  t nmsjiiifter 
eipiipment  to  NASA,  and  has  jiiven  a nund>ei-  of  tracking  radar  to 
NASA, 
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'I'liu  Naval  Air  ^Material  (Vnte!\  Xaval  Air  Drvrlnpinriit  (VnUMv 
Naval  Piiracliulr  Farility,  ami  Xavni  MiMliral  Fails,  all  have  (riven 
sahstuaiial  sii|it»ort  to  NASA. 

Ihietlie  Missile  Han|rt^  iimler  (\S.  Navy  nmiiajrvTueat,  is  aiding  in 
the  o[>erati<Hi  of  flip  ("antun  Islamh  Hawaii,  am!  tlie  si>iithern  (Cali- 
fornia traekinc  stations. 

Sii|)|a»rt  liy  muts  of  the  1 Jepartiiieiit  of  Defensi^  has,  in  (rpiitMiih 
t)i*pn  formiilt^ptl  ihnm^rh  a series  of  a<rrpejiu*iits  U^tween  NASA  aiul 
tin*  part  ievilai*  military  servire  (oneernetL  As  u laile,  thesi*  u^reeineiits 
call  fui'  tviinhnt'seinent  liy  XAMA  for  any  supjiort  or  services  i^'mieretl 
over  ami  ahove  riornial  mililary  openifioiiK* 

Overall  coonlinat ion  of  Department  of  Defense  sufipnn  foi'  Proje<*t 
Mercury  o|ieratioiis  is  anan^red  bet\vi*en  Maj.  trem  Lei^lRori  1*  Davis, 
(TSA'F,  Depiirtnieiit  i>f  Defense  repi’esentative  for  ProjetU  Mer<’ury 
operations,  ami  Mr.  M^^alter  (\  Williams,  .\ss(Knate  Dire*'ioi-  of  I^rciject 
.\Iercui*v, 

In  atldil  ion,  scores  of  workiiifr- level  ^*omlninees  and  rooi'dinnf  in(f 
(fronps  liave  been  orgatiisied,  to  efi'erf  day-hy-day  rooi'dinal ion  he- 
tvveen  NASA,  (lie  militai^V  services, and  imlnslrv. 

PitojErr  MkrcI'Iiy  Ft' s in  no 

Itiilial  funding  for  Project  Mercniw  was  pi^ovidetl  in  (iscal  year 
llhM),  when  1 was  ohligated  for  Mercury  reseaivh  and  de- 
velripment,  and  for  const  met  ion  and  tH|uipment* 

hi  fisi‘ai  year  JSHJO,  the  oliligatioii  for  reseaicfi  ami  develupment 
totaled  !?H4jl2S,;i7th  ami  for  const iaicti<m  and  Hpiiiiineiii  :i'-4ro7!Fi*niM), 
"rile  fisial  year^  URiti  figures  include  siip{ilemental  fumling  of  $12,- 
2JMM1UU  fm*  researcti  ami  development,  and  $ti,H00,iKKi  for  must  ruc- 
tion and  e(pii|)ment. 

Karly  in  fiscal  year  (\mgress  was  advised  that  N.VSA  in- 

tende<{  to  transfer  $15  millicm  from  the  i^eM*arch  ami  develo[>ttien(  ap- 
propriation tc*  construction  and  e<pilpment  for  constructifui  of  tlie 
Slercury  network.  The  fiscal  year  ItMH)  figures  retleci  tins  fund 
transfer* 

For  fis<*al  year  IfitU,  the  cuirent  allm^ation  of  fumls  is  $lnih525JM»o 
for  research  and  tleveloiinient  ami  $15  million  for  const rm*ti(m  and 
e<piipment* 
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Total  ProjtH'l  Ah'i^tnirv  fuiuiin^  (jlili^atitms  for  Hst'iil  year  and 
IlUiO,  arut  1‘iirrrnt  uUoi’iitioii  f<jr  tisc^ul  yt*ar  lOtSL  tli('rrf<nn%  as 
follows: 


KfMviri'li  iui<]  ; 

Flfcal  year  Mt.'iSL siH,  -n«.  :m 

Fiscal  yo«r  liaai M.  :WH,  ;i7« 

FiKcat  yi'jir  IlKtl 1 Ui.  (intt 


Total— 210.  7!iri,  71 W 


('iinsiniftloii  and  ; 

Fiscal  ywir  IH.'.O 2,  (NX* 

Fi sen  I yi‘n r 1 !Mi( I 3,'i,  7tr.,  4 MMt 

Flsrni  year  l!«ll t."i,  (XK).  0(Nl 


Tatiil__ — 220.  OOO 


Totiit  tlirniiKli  llsfiil  .Vfiir  Kill] 2!M.0iri,  7IK{ 

l‘rn|i<)stsl  "Ilcsi'iirrli  ntul  OcvclMjimctu",  (Isnil  .veur  KMt2.._. 7 I.  2 l-’i.  OOII 

I’rf)]»isisl  "I ’oust niHiotj  of  fiu’lllt Ics",  tlscnl  yctir  liili2 tiniic 

Urimi!  total  thrnuKli  llsnil  year  KM12 2(]s.  2ito.  70H 


( 'ONC  LI >[ON*s 

Pi'ojrrt  Mimtuit  is  a tremrn«lonslv  <'omi>Iex  inidtMtak'm^.  Il  iri- 
voh  rs  c‘uiu‘nrmit  tdforfs  *m  rtwai'rh,  (lrvt*lii|»mriit,  niarm- 

furlurin^^,  U»sl*  and  tfaininjf*  It  is  n train  idlVni  on  a imiioTnil  sralr, 
dirtH'ird  by  t!io  Natiimal  Ai-nmaut  irs  and  Spat^e  Adminisi nil iorn  and 
supported  by  tin*  Dvpailmrnt  c>f  Urf^risr,  industry,  ami  ifsrnrrli 
institui  ions. 

Ib'ojnM  Mi'irniT  is  *mr  td  thr  nmst  roiiipndunisivc*  n*s4^arf‘)i  and 
<lrvrlopiiH‘nt  pro^rrams  nndiMlakrii  tii  this  tamntiy  wiili  rrsprrf 
t<i  nianiird  fli^lit.  A major  problem  is  ttir  iHH-rssity  tf»  atlnnpt  to 
"man  ratr*"  fhr  Itrdsionr  and  Allas  rorkrt  vrht<‘lrs  vvliit*h  not 

drsi^nint  for  inaniird  ridiatillity.  riii*  rtdiability  of  tln*M»  rwo  vtdii- 
ries  is  thr  ultimalr  kry  to  tlir  siu’rrss  of  Mrrrnry,  I br  Hi’s!  itiannril 
Hr<Isr<mt\  a major  Mriruiw  milrstonr.  was  snrrrss full v af^hlt'vrd  May 
Ti,  !0(il. 

MiM'rmw  is  actually  l wo  n*s4»aivh  and  drvriripmrnt  [*ro^rams 
joinnl  lo^rtlirr  by  thr^  (^upsnli* — tin*  liallistir  pm^i^ain  niili/injj 

lJedslom%  and  tbr  orl>ital  jjrijjrram  utilizing  Atlas.  'Thr  siilHH^bital 
and  orbital  pliasrs  of  MrnnitT  rarlt  liavr  dUfrrent  ronipirx  [>roliU*ms 

solrr  and  rarti  (‘ontributr  rf|ually  to  ac^Idevin^  ihr  nliimatr  pad  of 
imuinrd-orbital  Hi^ht, 

Projrri  Mr  miry  is  [mopTssin^  sal  isfaf*torily.  Somr  sli|>pap‘  I ms 
iH*<aiiavd,  but  Ir  is  nta  om  of  linr  whrn  ronsitlrriii^  tlu*  romplexity  of 
llio  drv'idopnirnt  and  |mst  htslory  of  fHlirr  larp‘  rrsaarch  and  de- 
vrlopmrnt  projrrains. 

ProjtMi  Mrnmry  will  makr  a valual)lr  pionrrrin^  rcrntributiim  to 
followoh  innnmHl-s|)arp  Hi^hl  prop'ams,  siudi  us  thr  XASA  A|>ollo 
and  tlu*  IKdl)  I )yna-Soar  piojrrts, 

IM)|)-NASA  riKMdiiiution  in  thr  prostMunion  of  Pnijrrt  Mrmiry 
i>  outstanding  in  rvrry  ivs|«na,  Itoth  orpini^^utions  aiv  ilrdtratrd  to 
thr  sufa-rss  of  ifiis  i^oiintryV  mdy  rm'rrnt  nmn*in>s))a<*r  piop'unn 
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The  cost  (if  sliccessfnily  coiiipletiiijr  l*it)jt*cl  Men^iiry  cotild  exceed 
one-lmlf  hillion  dolhn’s,  ilepi'iidetit  u|Mm  the  sHccess  of  ijH'pfinjr  the 
tlijrlit-test  jronts  ns  presinitly  schedultHl,  Akinin,  cons i< Ier.it ion 

must  Ik*  fjiviMi  to  the  fnct  tlint  Troject  Meirury  is,  in  fact,  (wo  piir- 
nllt‘1  reseaiT.h  and  development  pr(*;;nims  joineil  liy  (he  space- ca|)sule 
deAelopiiieni.  Unoster  n'Miihility  will  U'  the  key  to  iiunimst'd  pro^rtani 
cost  s. 

Somecnticsof  Project  Mercury  i>eltevp  that  it  is  iieinjr overtaken  hy 
advancing  technology : howevei',  it  appmu's  that  (he  state  of  the  ait 

Iirovides  no  cmeg(»ncal  indication  tliat  such  is  the  case.  ’I'lie  Air 
*'oive,  NASA,  and  (he  Xavy  are  learning  together  in  the  X— IT*  pro- 
gram as  we  pixigiv.ss  in  our  aj»pn)ach  to  niamied-space  Might.  The 
Disi’overer  i)mgi*ani  is  providing  valuahle  data  for  futniT  space  en- 
deavor. 1)(>I)  and  NASA  patiicipation  in  nuniei-ons  missile  and 
space  programs  indicates  no  technological  advancements  that  would 
negate  tl»>  value  of  1’i‘ojccl  Mercury.  .\ It  hough  decisions  for  tlie 
coiiligurut ion  of  (he  capsule  and  the  lKio,sters  were  made  se\eral  yeai'S 
ago,  technology  has  not  advanced  to  the  e.xtent  of  overtaking  (he  liasic 
Mercury  concept  which  is  to  achieve  tin  early  capahility  for  orhiting 
man  in  space. 

Project  Mercury  is  now  *2'4  years  old.  .“since  its  inception,  an  ex- 
tensive wind  tunnel  and  MiglU -test  prognun  lias  lieeii  curried  out,  in- 
volving liiindivds  of  wind  tunnel  and  airplane  dn>[>  tests,  and  IT) 
major  roi'kpt  hinnchiti^;  the  Memiry  piTHliiction  capsules  wei-e  de- 
signed, engineered,  anil  te.sted — 12  wetv  didiveivd  hy  tile  end  of  Ajirll 
IHRl : a major  network  of  communications  and  ti'acking  stations  was 
(“omple.ted : and  t raining  exercises  of  hoth  tlie  sy.stems  and  the  a.stn>- 
nauts  aiv  progre.s.siiig.  A major  Might -test  prognmi  has  largiin,  in- 
volving nminied  and  unmanned-hall  1st  ic  fliglits,  leading  to  manned- 
orhital  Might, 

Prnject  Aferciiry  continues  to  move  forward  in  ati  atnio.wphere  of 
confidence  appai'ent  to  all  concerned,  Mcmile  is  liigh,  limu's  ait*  long, 
the  astronauts  tin*  busy  and  Mt.  Tiie  team  is  declicaled  to  a single 
goal — the  achievetnent  of  suece.ssful  miiiined-orUitiil  flight. 
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AIM’KNDIX 

XASA^DOI)  ^ 

Air  1‘rovitiK  Ground  Outor  NASA  ,^piu‘c*  tusk  ^roup 82 

Air  Force  Missile  TesI  C'eiitiT  fAMR)^ — -NASA  sptiee  task  group 811 

Child  of  XhvuI  i >[>eriilums^N  AHA  spuet^  task  group * , H5 

X AH A-Foreigii  goverumeul  ugreennuitii^*^ - 87 


Agrkkmknt  Bktwkkn  tiik  Am  Proving  (1r(k!ni>  Ckntkic  ano  tjik 

NASA-Stac^k  l\\sri  (tHon* 


CONCKRNINO  I'KINi^irLKS  (HIVKKNI  NG  JlKl  M KK T OF  (MiSTS 

(1)  i*tirpoxf\ — A DOD-NASA  sijriuHl  Novfiiilu*r  12, 

1059,  l>y  nt»j)iUy  StH^ieliiiy  of  (oiN's  iind  NASA  Atlministi^R- 

tor  (Tleiiium^  under  ihe  provision  of  section  2(Ki(l>)  (ti)  of  tlie  Xtiliouul 
Aeronaut icH  uml  Sjhut  Ari  of  IDoH,  set  foilli  llie  ^uieral  prijiri}>les 
governing  the  reimimrsement  of  costs  incurreii  l»y  1>()1>  or  NASA 
jn  provimnj;  for  use  Uy  tVie  other  of  its  st^rvice,  e(juipment,  |jei'sonnol, 
iuul  facilities  aiul  in  ( nmsfeii'iiifj  equipmeiil  ami  supplies*  M lie  DOU- 
NASA  dmniment  is  the  authority  and  basic  I'cfemH^e  muier  wliicdi 
this  ajrreeriient  is  established* 

(2)  Affreeme^if, — It  is  ajrreed  tlmt  tlie  Air  Proving  <> round  Center 
(KAFR)  will  hill  tlie  NASA-S]  mce  'Fusk  (Jroup  for  cost  of  support 
jieculiar  to  Project  Mei(»ury  which  is  in  addition  to  common  range 
support*  (\)!iimon  range  support  is  fletiiied,  for  the  i>urp<isi*s  of  this 
agiwmeiit,  t()  include  hut  is  not  limited  to:  AIMJC  services  us  a test 
range  for  sattdlites,  spin'e  |>mhes,  missiles,  <lroues,  and  nduteil  equip- 
ment, ami  suppolling  tests  and  training  organizations.  Kvaluation 
of  test  results  lieleruiined  l»y  data  uctpiisil  ion  and  reduction* 

(A)  Common  snfiponf — oonn'ftitfjnrsfthfr, — (^oriimon  range 

support  is  tlmt  normally  [jnjvided  as  part  of  the  range  servi(-e,  f*mi- 
mon  to  the  inajointy  of  range  users*  It  will  he  programed,  hiulgete<l, 
and  fundeil  by  APd('  on  a nonivimhursalile  lms*^s*  I'lie  cost  t>f  o]ier- 
atiiig  existing  stations  will,  in  general,  !>e  nonreimhursahle. 

(1)  Examples  of  nonreimhui^sahle  items: 

(ff)  Salaries  of  i‘adar  operatoi's  at  exist  iiig  slat  ions* 

(6)  Range  time  used  during  norma lly  S4diednled  [Jerifnls. 

(B)  Sn/fporf  ftrmififir  to  I^rojef^f  — ^Snp|>orl 


peculiar  (o  Proieci  Mercni  v is  lliat  suppuii  wlucli  would  not  oilier- 

uirovided  liv  the  rantre  exce|>i  for  Project  Mer- 
cury reqiiii*ements* 


wise  he  requiied  to  lie^prov 


( 1 ) Exam|des  (^f  reindmrsahle,suppi>i1  are  : 

(i'/)  Total  o|ierating  costs itf  new  stations  estahlislied  for  Proj- 
ect Nfei'cmy* 

(ft)  Travel,  transportation  of  tilings,  |ier  diem,  and  i*ominu- 
nication  costs  incurreii  on  Udmlf  of  Project  Mercury, 

(c)  Uirecf  incivased  cost  of  o|K‘rj*ting  existing  stations* 

(n  />.  f^etrnrrft. — ConHuns  or  incojisisfencies  in  Inllings,  oi*  any 
sj>ecial  cases  which  arise,  will  he  l>rouifht  to  the  attention  of  the  IKH) 
rejiresentat ive  vv hose  group  will  establish  an  a|ipropi'iute  {losilion  for 
XASA  consideiatiom 

(D)  K ftfi/f  pnofirfft/ 

(1)  lAvo  copies  of  the  (iscal  year  1SN12  Inidgel  estinmles  ft>r  Vn iject 
^^ercury  and  lisi'at  year  llKn  linancial  plan  for  Project  Mercury  and 
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tworopii's  of  futiiiv  esiinint^s  und  finanrijil  [dims  will  tui  suh- 

initted  to  NASA  at  tlie  thiH'  of  norma]  snbniiKsion  to  I lt^nl<iimrt(>r::! 

XASA  reimlmrsulde  t'osts  will  lu*  rtdlerttHl  tht'iviiu  Xtita; 
Thi*  initial  Hstai!  year  UMKt  and  UMU  estimates  fn»ni  all  ran^t*s  wt>rn 
sulmiitttHl  to  NASA  thi-onjrli  AI"MT("  (AMK)  for  riodcov  of  ffaauiit 
and  (‘onitmt . ( Flash  t*sf  irmU p*) 

(li)  N//‘r/Vv  orf/(^r  fiftff  N ASA  Spiirr  'Task  <troiip  will 

issin*  an  ordi>r  iv(|iiesl  ni^r  i*ati^n'  siO’vifps  and  auihorizln^^  lii Hindis  iIipit* 
foiT  hiispd  on  nm^p  psliiniitPs,  In  arronlam-p  with  this  |>olix\v,  F(  i{  ’ 
will  snbinil  niontlily  billings  on  S,F.  Insn  sliowiny' ariual  posts  l»n>ken 
down  in  tbp  same  way  as  esf  i males  were  prepared  ilireet  ly  (o: 

NASA-  Sjiai'e  d ask  (ironp 
Hufl^^et  and  Kinanre  ( 
lain^h'y  Fiehh  \'u. 

(d)  ftm/  t/ fituff/ffn  of  (tf/fTf'OO'fit, — "I'his  ai^reeinent  is 

ell'ecaive  iniineiliately,  but  the  |U'(ndsions  maw  by  mntual  ajun'**eimMi1,  be 
I'pviscvl  at  any  time  bast^tt  tipon  <‘Xperienee  of  the  rwtj  organizations. 

Kohkut  I{,  (riun 'HI, 

l>}n*i*UiV  0/  Mi  Vrory. 

Joi:  \\\  Knu.v, 

f *SAP, 

Ai*iun  11,  ISHUi. 


Aijrkk.mknt  Mftwkkn  ruE  Aia  Fi*HrK  Missmi:  Vkst  (’emkr  fAMK) 

AXn  THE  NASA — ^SnAOE  'I\vsk  (ihoi  i* 


ro*VrKliSlN(;  taiIXOIlM-KS  laiVKItNlVO  HKiMm'HSKMK.NT  Ol’  OUSTS 

(I)  I)01>  NASA  a^'‘i't‘ement,  si^rm^d  Nr»vendMM‘ 

IStoih  by  I)e[mty  Se<nT'tarv  of  Defense  ('JaHs'  amt  NASA  Adininis* 

I rator  ( Mennan,  mider  the  prrjeision  of  setaion  :JOrMb)(<D  the  Na- 
tional Aeronaiitii's  and  Spare  Art  of  ISir»s,  set  forili  tin*  ^etieral  pi'in- 
ei|des  ^rf)vernin^  tlie  lelmhursemetii  of  rfists  intatrred  hy  IHH>  or 
NASA  in  prcividinii  fftr  use  hy  the  other  of  Its  servie**s.  eijuiptnenf* 
]rt*i*somieh  ainl  faeiliiies  and  iti  l ransfeiaan^  efinipmeni  jiml  supplies. 
1 he  1HH>-N  ASA  donmient  is  the  aiif  lioi'ify  and  Itasn^  riderniee  nnder 
\vhit‘li  f his  a^^rerment  is  established, 

At/n^ritooif, — It  is  ay'naai  that  (lie  Air  I^'nive  *\[issile  Test  CVn- 
let*  (A.NlIi)  will  hill  tht*  NASA— S[)m*(*  Task  (iioiijj  (V*r  eost  of  sn]>- 
non  [)eeuliar  to  Prfijert  Mm’enry  \ehieh  is  in  addition  lo  ('ommtm 
Kaii^n^  Sn]}]MHl.  ('orntinjji  IJanp*  Sii|)]inrt  is  dtditH*d,  for  ^mi^|joses  of 
this  ii^mmienr,  in  im-lntle  hm  is  not  limited  to:  AFM'U’  (AMH) 
servieesas  a test  run^e  for  satellites,  sjaiee  |)rr)bes,  missiles,  <li‘oiies,  and 
related  ecpiipment,  and  stmportinjj  tests  and  tniinin^  or^aiii/at ion : 
evaluation  of  test  ia*>ulls  <leieT*niineiI  hy  data  nr<piisii  ioti  and  redne- 
titm:  ntililies,  serniuiy,  ami  fiielin^r  of  missili‘s  c»n  fanh 

A,  f’ofottfof*  rftfif/i'  xOfffm/'f — Uan^e 
Snj>[ioia  is  that  normally  [irovided  as  a l)art  i>f  the  ran;re  serviee,  t^om- 
mim  to  nm  jiirily  of  rnnp*  ns^'rs.  If  will  he  jn‘o^o-aim*it,  hnd^zeied,  and 
fnndi'd  by  AFM'F(*  ( AMli)  on  a nfnireimbiirsable  basis.  'The  efjst.'- 
of  opeT'atiii^  exisTtii^  stations  wilh  in  general,  be  nrmridmbnrsatde. 
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{ 1 ) Kxamj>lps  nf  iK>imMiiilMii*Hab1p  ifptns: 

{ff)  Sninrips  nf  raclnr  npprnfniN  iit  exist irijyr  sraliniis. 

{/*)  Itiiiip'  time  fliniri^r  imrnmily  s(‘Iuh1u1p(1  jM‘rin<ls. 

(H)  SUiji/fOfi  prrufhfr  to  i^rnjpvf  — Slip* 

poll  ptM’ufiiir  to  I'rojerl  Mpn*nry  is  that.  su|)|Miti  whieli  vvoiilil  not 
nt  he  I' wise  be  r'tvpnred  to  la*  pi'<iviiled  \*y  ibe  niufre  except  for  Pr<»ject 
Men-urv  riajuii'emeiits, 

(I)  iCxanipIes  of  reinilmrsable  support  are: 

(rO  4'otal  iii^  (*f)sts  nf  new  stations  established  for  ib'nj- 

eet  Merc  ur>% 

(h)  TmveU  Tnnis}>fU'tation  of  per  diem,  and  eomniu- 

ntealion  costs  imntrreil  on  iieluilf  nf  Project  Mennii'v. 

(c)  >eratin^ costs  of  Atlantic  Ocean  and  Indian  Ocean  sliii>s, 
l*ort  fiicdity  expenses  foi'  tlie  Atlantic*  Ot*enti  ship  will  l»e  mm* 
reimhursable,  simr  it  will  be  bust'd  at  'rrinidud  where  AFM4'(^ 
(AMH)  facilities  already  exist  us  cniiinnin  use*  siii>pcHl,  Port 
fa<*i!ity  expenst's  for  tlie  "irulitin  Ocean  ship  will  be  reimbursable 
since  AKM1X'  (AMU)  has  no  avail  able  Indian  Ocean  [mrt 
facMpties. 

(C)  />//fc/v7jcv«*  ('onllicas  or  inconsislcnries  in  billinirs  or  any 
special  cases  whie*h  ari!^  will  Ih'  Imm^ht  lo  the  attention  of  the  IH^I) 
representative  whose  ^ronp  will  eslablisli  an  apfirojiriate  position  for 
XASA  (‘onsidei*iitiom 

(I))  lin^iqef  mtUmtteH  (iml  mt mhont totum. — (1)  t wo 

('opies  of  the  list‘al  year  PRy  budirel  esii males  for  Project  Mercury 
and  Hsc*a!  year  PRU  iitiam'iul  plan  for  PmjcH'f  Mentnuy  and  t wnrotR*'^ 
of  future  bud^ei  esiiniates  and  linanciiti  plans  will  la*  subiniited  to 
NWS  A at  the  time  of  norma!  sulimission  to  neadiiuarters  AUIH\ 
NASA  iidmbnrsalde  c*osts  will  be  rellected  I herein.  Note:  4'he  initial 


fiscal  yc'ai*  HHit)and  IIRU  estimates  fi*om  all  ramies  weiv  submitted  to 
NASA  fhrou^rh  AKMT(*  (AMli)  fot'  review  nf  format  and  content. 
( Flash  estimate). 

(i)  m'ltrr  iunl  hiltlntjii. — NASA  Spac^e  Task  (Troiit>  will 

issue  an  order  m|uestin^r  lanire  servit*es  and  aiutioriziim  liilTm^ 
therefor  based  on  lanp*  estimates.  In  acrordartce  with  tliis  |*olic'\\ 
AP'MTP  (AMH)  will  sulmiit  inoiitldy  billinpion  S,F.  showing 
actual  c'osts  bi^oken  down  in  the  same  way  as  estimates  were  pi-epnred 
directly  t<K 

NASA— Sj)ace  4'ask  Oroiii) 
liudgef  ami  Finance  OIIi<a' 
bangley  Field,  Va. 

(;1)  (h\tv  tuuf  ifurothHi  of  d'bis  aglt'cinent  is 

effective  iiuinediutely,  but  the  provisions  may,  by  mutual  agreement, 
be  twist'd  at  any  time  basefi  upon  experic*nce  of  tbc'  two  orgatiizal ions. 


Afaivll  ItRHl 


UtaiEKT  Ib  filLRl  Til, 
ntrrrtoi*  of  {^rojef't  J/crcf//y. 

I^osarn  W, 

M(t jor  ( t roi  tfft.  / W.  I h\ 
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A(;HKKMKN'r  Hktwkkn  thk(  'iiiKr  or  X.WALOmtATinNs  anotiik 

NASA  Sr.u'K  1'.\sK  (rmu  r 

; i’ritici[)les  pivernin^  ivimburstMiirnt  of  rusts  i»n‘iinH*il  ‘m 
t*uhjuiirlion  vvitli  errowry  u[nM';iti<nis. 
lirfritMiri* ; (7/)  St^rtiuii  Niilicmiil  Arroimut  i<'s  a tit  I Sparr 

Art  of  inr»H* 

(7^)  A^naanrtit  tiu*  I )r]«u^t  of  Drlrnwr  iitai 

Naliumil  Arrunimtirs  :iml  Spare  Ailminist rat iufi, 
daml  St'ptrmUM'  I4,  \^Xi\K 

L /iftrkf/rntfftff. — l{t‘femir€*  I </ ) aulluiri/rs  tlu‘  National  Arro- 
muiti(*s  anil  Sjmrr  Atimhiisi  ration  lu  use,  with  tlirir  r(l)|^rnl,  the 
sei'vires,  eapiipijienl,  pri'soiiuel,  anil  farilit  irs  of  ul  her  iMalrral  a;j'rnru*s 
\vil)i  or  withoiii  reimlmrsniient  ami  ref[nin*s  siu'h  a^rnrirs  to  roo[>- 
ri^att*  fully  wiili  NASA  in  stu’h  regard,  liiderTm-e  ih),  sets  forth 
the  jrnuTal  primnph^H  ^tivertun^  tlie  riumburstunrnl  of  rusts  inrnnt'd 
hy  IH)I>  or  NASA  in  providin;^  fot*  um"  I>v  tlir  other  of  its  si^rviri^s, 
e<)uipinriiK  piM'sormrh  niul  farilitirs  am!  in  t ranslVrrin^  rquiinmMil 
imd  su[»p]ies, 

'2,  /*ttr/fOMf\ — It  istlie  purpose  of  (Insa^reeniriil  to 

ff.  Outline  llie  elenmits  of  taisf  inridenf  lo  Navy  [mrl  irijaitiim 
in  ivrovery  opH'atioTis,  oulshle  the  sropr  of  tlie  mill nul hy  of  interrsi 
]*rovision  of  ivft-i'rnre  nml  tliereforr  subjiaa  to  reind>ui  seinrnt 

l)vNASA, 

h,  ()ittiinr  tlu‘  ^Uieral  ])hHaMlim*s  foi^  sui'h  iviiiilmrseinent * 

IVrovicle  a sound  basis  for  budget  iiry  |>lannin^^  and  to  in  sun* 
that  tin*  adilifioiml  rosis  invrdveil  aiv  atbHpiateiy  fundeih 

ft.  Herovrry  operations  inrludr,  but  aiv  not  nri*e^sll^ily  limitnl 
to,  posit  ioniii^  of  slups,  mi  ft,  and  ait'iaaff  of  va(‘iou^  lV[a*s  al  pre- 
deterinined  bases  or  areas  in  letation  to  the  pa  n am  la  r lui^sioiK  >4*iirrb 
and  [>irkup  of  tlie  payload,  ami  delivery  to  an  agreed  loralioh:  train- 
UiiS  <d*  [au'sonnel  and  developtnetil  of  r'ennvry  teebtiii|nes, 

h.  I)iit*r(  support  imdudes,  hut  is  not  neeessiirily  limited  to,  ship 
days  and  oraii*rraft  Iiouin  devoted  todire<*t  jairtiripaf ion  in  reruveiy 
o[H'i*al ions  or  in  operations  wliose  sole  obje*'l ive  is  in  snj>[ioit  of  l*roj* 
eci  Men  'ury  endeavors. 

4,  /Iffsf.H  fur  n hftfotrsf  tttfOtf  tffif/ nJlufrtihh  rustsy 

ft.  Slii[Mlays  and  airmi  ft  liont^s,  utilized  in  dirert  siit>port  of  Proj* 
ert  Merrury  operations  (atid  llierefore  subjert  to  reitnliufsiumuil  ) 
ean  tuost  lo^iiudly  be  deiei^mined  l>v  the  lleet  rtjmiiiamh'r  (or  Ids 
designated  refU'eseni  at  i ve  ( s)  ) of  the  oin'ratin*!  foriH‘t,s)  in\fdvt*d, 
In  ('ompniiiijf  the  sldp  days  ami  airrraft  boars  siilijert  to  tln‘  fore* 
rrimlmi senienr.  it  is  rero^rni/ad  that  a [loriion  of  the  ilavs 
steamed  or  a portion  of  the  Infa!  Imnrs  Mown,  imddent  to  diiert  snp- 
])ort  of  I’rojert  Mermii^v  may,  in  some  iuslaiires,  lu*  |>ro]H‘t'ly  alio- 
rable  to  tndi|iie  Navy  idfori  snrli  as  ttainin^'  and  otlier  artivity  i*on* 
tidbutoiy  to  fleet  readiness.  Snrli  portion  \>  fimded  in  re^-nlar  Navy 
[iro^nmis  aiul  is  not  sid^jeca  to  reimhursemeni  Itv  NASA  ami  the  de 
teniMTUit ton  thereof  sball  be  made,  as  alnne,  i»y  tlie  fleet  i^oiii iiia rider 
or  Ins  designated  repttwnlat  i ve(s). 

h.  iiased  upoti  prevailin^^  Hinvaii  of  S!d|>samt  Ibireau  of  \\'ea[»ons 
rosf  fartni*s,  the  followin^^  elemeiits  shall  1h*  inelmled  in  urrivin^  at 
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the  rust  of  ii  nliip  iliiy  aiul  airrraft  Iiori\  by  type  vesst*l  imd  siirerufl, 
whirh  are  suhjm-t  to  relmliurseimMJt  by  X ASA  : 

(1)  SIiips: 

(//)  N lecl  re|anrs,  liasetl  on  nirmit  experietR'e,  by 

ly]H*,  fulrolaletl  on  n sliip-thiy  tiasis. 

( /^ ) Su|ipliPH  inni  e(iui[>ii{re  {runsimiabtes  and  s[>are  ])in*ts), 
basc<l  (m  riirreiit  roMsnm]>t ion  Ijv  shi[)  t v[>e,  nilruSated  oji  a ship- 
day  basis* 

(r)  Kmd,  based  ou  aveni^xr  barrels  eonsumed  per  hour  utuler- 
way  Xi£4X  (ament  Xavysloi'k  fund  ptaee  per  l>arrel. 

{<!)  (\>st8  of  ovei’liauls  are  exebuletL 

(2)  Aiivraft— avernp*  lumrly  cost,  l>y  type*  tn  inelude: 

(f/d  Fuel, 

(6)  LuIkmiU, 

(r)  < 'unsnmable  supplies  ami  sjaire  pa*‘ts* 

{(!)  Froraled  eosf  of  aii'fratne  rework  and  en^iim  overiuud, 
r*  Special  etpiipnient*  im^ludinp  cost  of  installation  and  reinoyal, 
as  a j)])li<:ab]e*  [nirfOiased  l>y  the  Navy  for  direct  support  of  Project 
Mercury.  'Htle  to  such  e(|uipnient  will  l»e  held  l>v  XASA. 
fL  Cost  on  installat  inn  jind  removal  of  NASA  furnished  ecinipinenL 
e,  'Fraveh  per  dienu  felei>hotie  costs,  pln*lo{rra|>h\\  and  othei^  addi- 
tional out  of  |MM*ket  expenses. 

f\  Special  costs  imndenial  to  airmaft  deploymtml  for  Mennii'y 
support. 

;*),  pnatirttif  ml — 

Fiscal  year  llUUt  and  tiscal  year  MHJl  Ijud^et  estimates  of  the  t*ost  of 
support  of  Ih'(jject  Menairy  and  future  Imd^ef  (estimates  will  he  siih- 
milted  to  NASA  as  ivrp tired.  XASA  space  task  ^n'otip  will  issue,  to 
eacti  eoguizaut  Xa\\v  bureau,  reiml>in^sai»le  (toverunient  orders  laised 
on  the  above  estimates.  It  is  m^o^nized  flmt  tliese  e^tinmles  are 
not  limitations.  Accf»rdinjrly,  both  esiimaies  and  orders  are  snhject 
to  timendnient  liased  on  clian^ring  (jperatitmal  ivtiuin'inenls. 

Ik  ('barges  for  actual  ship  davs  uml  aircraft  hours, 

subject  to  reiiiilmi>!einent,  i>lus  other  costs,  snhject  t(j  leimlun'sement. 
financed  from  funds availal)le  to  fleet  activities  will  be  lulled  qiniHerly 
by  liiiWeus  and  HuShips  <m  S.F.  sliowin^  actual  costs,  hn»ken 

down  in  tne  same  way  as  estimates  aie  pre|mie(b 

(2)  Cliarjres  for  (NjsIs  incunvd  by  a field  activity  of  the  Shore  ICs- 
tablishment  will  Ih'  l^illed  l>v  the  Held  mMivitv  eoncenied  on  a funded 
l>asis,  S,F.  btst>  will  be  pi‘epared  ns  tnu fined  above  but  will  Iw* 
submitted  monthly. 

[li)  liillinjr*^  fui  S.F.  Ut.stJ  will  hesulanitred  to:  XASA-SpntH*  Task 
(ii'oup  liud^irei  and  Finance  ( )tlii'e,  Langley  l*'iehl,  Viijrinia. 

liiiUKH’l'  Iv*  f rll-kl  Tll, 
l*Jrrrff*r  o/  /*rojrrf  A/rrrffn/, 
.IaMKs  S.  iirsSKKL. 

, I il tit  inil,  / \S\  Xft  cy, 
l"/cc  ( of  O prtitttnttJi, 


Dated  .March  *R),  iSMtti, 
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l)KrAtn'MKM*  UK  Statk 


l»I\  iMuX  UK  l,  VN(!l  AciK  SKI{VIUK„'. 

l>  ,\U.  iUMWJ 
T U XIX 
S|iimlsli 

MiXEhTKY  or  I'oiiKHiN  Al  KAlHS, 

>V  VJ], 

Ills  \\\  pAiui 

f ^/nffyr  t/\l  ffitirt  tuf  hifi  rhtt  uf  t}u^  f iutfd  Statk  a af  aa  ma^  M*a!rUi. 

KNrj-:u.i:N(*v ; I luu’r  llu*  liniior  to  ri(^khovvli‘t!ifr  ibi*  riHTipi  of  yoiir^ 
iioti‘  No,  Hiitrd  Minvli  11,  Hit*  SpMnish  ( rinisl^lion  of  uiiifli 

rrnds  us  follows : 

^‘Kxc‘KU*KXf'V : 1 Inivi*  tioiior  to  rvtVr  to  ivin'iit  dlsrussMms 
twoen  onr'  two  < iovio'muiMils  romHO'uio^  flu*  propf>sul  tlml  my  (iov- 
t^rnnuMil  \>v  iuillioriz(*d  locslid^lisli  and  c»|H*ruh*  jointly  witli  llir  fiov* 
tn’inmnn  (d*  Spain,  for  srioni  ifit*  non-inilitarw  pnr|>osrs,  a facility  for 
spa(H^  vtdiiclr  (nu*kin|£  and  <'oniinmnrat itais  oti  (irarni  ( amiry  Island. 
Such  u facility  is  nMpdi'cd  by  tbc  I*  nit  ml  States  us  [)at1  of  a worbU 
wide  ti^iickiiiy  raii^t'  briti^^  (^stablislll*^^  in  conm*rtion  with  its  rmiunml 
sattdliti*  pt'o^r'iuin  ktitpwn  us  I’rrpject  Mercnry.  nrnler  whiidi  the  t‘nited 
Slates  plans  to  [dace  u manned  (^nrth  satellio'  into  orbital  flljjlit  and 
lo  iveover  it. 

‘‘'File  ( MiVeiaimeni  of  Spain,  tlesiinn^  to  cootie  rate  wilti  the  I'nileil 
States  in  this  wnentiiie  tiro^^i'iiiii,  and  lUerelEV  in  tamirilaite  \o  the 
knowledge  of  man’s  stmtial  enviionniem  and  its  prijpertii^s,  has  lui- 
(liftrixed  I lie  establislniietu  of  a iraekin^^  ami  Cfiinmnnicaiioiis  facility 
on  tlie  Island  of  < tram!  (hinaiy,  Aceoi'din^ly,  I lie  (wo  I iovei-nmmt'- 
a>rrm‘  on  (lie  follo^viiifr  ^Teneral  princit>tes  and  intauKbni*s; 

L "I'he  (iovernmeni  of  S|miii  sliull  fnmish  land  ai^tnis  ate  I ri^^liis- 
of'Wav  fm' list'  Iev  tiie  Xaiional  AeromuMii^s  and  Spn<’e  Adininisi  ratifm 
( hei'eiimfler  ivferred  to  as  NASA)  needed  for  the  esf  ahlishmenl  and 
<>|)enition  of  the  faciliiy  to  lie  located  at  the  soiitian'ii  eml  of  the  Island 
of  ( I rand  ('amnw.  The  specUii’  site  of  ihe  facility  and  fpiantily  <if 
land  shall  be  as  agreed  iition  by  the  antliorized  n‘]iresentat *ves  of  fjin’ 
two  ( lovinannents*  d’he  I’nited  States  (if)Veriiment  sliall  be  ref»re* 
seated  tiy  NASA.  The  (rovermnent  of  Spain  shall  1k^  !M‘|nvsentefl 
by  the  Institnto  Nm^iotml  de  Tecniea  Aeronaut i(’U,  liereinafter  i^(d'errml 
ioasIVI'A, 

d'he  (iovei'riment  of  the  Kniled  States,  for  its  |iart,  sliall  con- 
st nit'l,  at  its  exjiense,  llie  station  tlnit  is  the  ohjec't  of  lliis  a^rti^-rm^tn . 
All  t^ost  fif  installing,  eipjip|>in<j  and  operalin^  ihe  faeility  shall  alsii 
he  Ikh'ih^  hy  the  (fovei'nment  of  I lie  rnited  States,  imdudiny'  ihe  efisi 
of  eonstrnctin*5  tlu*  lus^essary  hijrliways  and  aecess  roads,  'The  fore- 
poinif  aetiyilies  sliall  lu*  earrieil  out  in  aet-ordam-e  witli  ap|>Iicable 
Spanish  laws  ami  the  j>rm'isions of  Article  relating  t<i  the  owiau'ship 
of  ]iro|>erty. 

Tlie  fatality  shall  rimsist  of  instalhitimis  for  an  S-Hand  I'adar, 
telemetry,  a ^rround*f o-air  ti ansinitter,  and  a ^rronnd  receiver:  sub- 
ject to  ufrreeinent  l\v  botli  ^^ovenmients,  installalions  necessary  for 
point-to-point  i'lmiiniminit ions  to  the  extent  that  efmimimii'utiims 
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mniin*inriM s rannni  In*  iiR*t  l)v  1(k*hI  anil  u*1o^ra^>h  fucililirs: 

and  iuM‘i^sMirv  suj>|kji1  in^  huil<tin^.<  ami  strurnirt's  fnr  otlices,  sJnra^TP* 
lionsin^,  sanitation,  and  oflno’  pnrjinsns  dtnnnod  iiuressary,  Huddiiij^s 
will  "TiMiin'iilIv  Ih*  of  a standard  nivfaln'iiaitrd  lyja*.  tnu»sja»rlaldi‘  in 
soot  ions. 

‘‘4.  ]’ow(*r  ff»r  tin*  fain  lit  y shall  ho  ^inito'atoil  at  tho  site*  hy  n|ui|»- 
nionf  to  Ik*  inslallod  us  a [lart  of  t lio  faoility. 

Ppon  tho  roijiiost  of  tho  l*nit(*d  Slatos  and  snhjei-t  to  Spains 
oldiptfious  nndor  intornutional  ron volitions*  tho  (icivernmont  of  Spain 
slmll  anlhorizo  ilio  iiso  of  radio  fmim*noios  nspunnl  for  the  |mrposos 
of  tlio  faoility*  Howovor,  tho  Id^h  froqiionry  ohannol  roipiirod  for 
^^I’oiind-tii-air  oomninnioat ion  with  tho  s]>ai*o  voliiole  shall  Ik*  do* 
fonninod  l>y  llio  (iovonnnont  of  ttu*  rnitod  Slatos,  AH  radio  oponi- 
tionssliall  la*  oondoolod  so  as  not  lo  oatiso  intordoi’onoo  with  Spanish 
installations* 

‘"d,  Hy  a^roomoiil  of  (ho  two  ( lovonimonls,  a I nited  Statos  oon- 
tniotor  has  hoi^ii  on;jra^o(l  to  ooiistnirl  tho  faoiliiv,  1 ho  ootilruofor 
shall  employ,  to  tho  inaxininm  oxtont  fi*asildo,  availnl>lo  looal  snhrnn- 
tnu'tors  mid  tahor  to  |>orforni  the  roipdrod  work.  Materials  and  sn[»* 
lies  aviulut>Io  lotadly  slmll  ho  used  as  nmol*  as  possil*lo,  'Tlio  (hiv- 
ornmotU  of  Spjtin  shall,  npon  ro<|iiost  of  tho  mmtraoto!*,  assist  liini 
iti  tho  loi*al  prnonromont  of  ^^omls,  inatoinuls,  supplies,  arid  soi'vioos 
riKpiired  for  the  oonsi ructimi  of  tl*o  fiioility* 

'^'■7*  'The  spooial  o loot  runic  oiniitmionf  and  related  oqnipnioni  ro- 
i|uirod  for  the  facility  shall  ho  I 'nited  States-ty[H*  oqiui>niont  and  shall 
Ih*  instnllod  hy  United  Stales  leohnioians* 

“S,  'riio  (rovoniinont  of  Sfmin  shall*  upon  miiiest,  take  the  neivs- 
sary  sto]>s  h>  fai'ifitato  tho  mlndssion  into  S]iinn  of  material,  eipiiti- 
inent,  snt>plios^  ^oodsor^  other  items  of  pi-oporl y fntaiished  hy  the  ( lov- 
ernniont  of  the  Uniled  Slates  for  the  (Hnqxtses  of  the  facility.  Span* 
isli  authorities  shall  1«*  informed  in  atlvanee  ihron^li  IXd'A  of  (he 
contonis  of  sn<‘li  shipments.  Xo  tax,  duty  or  charge  shall  he  levieti 
or  assos'^ed*  either  hy  the  ( fovoniinent  of  Spain  or  hy  any  Miln*r 
Spanish  ani lioim it*s,  on  niateriah  equipment,  supjdies,  ^chmIs  eir  pro(>- 
erry  hrtin^ht  into  or  i>ro<'invd  in  S|iain*  for  use  in  tin*  t»|a*ration  of  the 
facility  tin  the  I slam  I of  ( Ira  ml  ( 'a  nary* 

Title  to  all  materials,  etjiiipnient  or  otlier  items  of  movahle 
pnqierty  nst*d  in  connection  with  the  facility  shall  remain  vesiotl  in 
the  (ioveiainionl  of  tho  United  Slates,  *ritIetoaIl  other  property  sliall 
taint inne  to  he  v'estod  in  tl*e  (lovei'inneni  of  Spain  or  other  Spanish 
owr*ers.  Material,  ei[nipmeni  ami  firoperty  of  the  (iovernrnent  of  the 
Uniteii  States  at  the  faeitify  may  he  removed  free  of  taxes  or  diitic*s 
hy  tlie  Ifiivernnumt  of  1 lie  I 'nited  Sl  ates  at  any  l iine. 

* Tlie  faidliiy  sliall  la*  o]io rated  liy  XASA.  either  dire<aly  or  hy 
eontnu'l  with  a United  Statos  lirm.  I'o  the  nniximum  extent  feasilile. 
qnalilieit  S]ianisli  personnel  shall  Ik*  utihiCed  in  f^onnection  witli  iho 
operation  and  maintenance  of  I he  facility,  in  athlil  ion  to  1 nited  States 
techniciaiis  ami  sneeialisis  assiimed  liy  N ASA  nr  the  eont racliii^  tinm 
XASA  and  IX'IW  shall  cooperate  closidy  to  ensure  ftdl  acce,ss  by 
IN'l’A  to  the  fatnlity  in  order  tii  make  [lossihle  a full  exchantre  of 
infor'niatinn  coni'ernin^  both  the  techniques  employed  and  tin*  uses 
tfi  which  l he  facility  is  hoiny'  put* 
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L (a)  riu'  ( io\ i*nimeut  of  Spnin  shall  hikt*  tin*  iipri*ssary  s\v\>b 
ro  fucillmif  iiiiini.ssinn  ro  tin*  IsIuthI  nf  (rt^iunl  ('jnuiry  £^f  siu'h  Tinhal 
States  personnel  ns  iimy  In*  assigned  lc>  visit  t!ie  fni'iniy  t>r  pa*'t  ieijmie 
in  rfM>pentl  itm.  Sneli  |Hn'soimel  sliall  rini  t^xt'eeil  that  rieeessnry  for  the 
I'^onst  niei  ion  uinl  ethMiive  use  the  slatirni*  Thiur  niirnes  and  other 
related  infonimtioti  shall  la*  [>rumpl!y  eomimniieated  lo  the  (loverij- 
inent  Ilf  Spain* 

Personal  and  hoiiselmld  elTeets<*f  I niled  Slates  pei'simiud  tin- 
etiidiiitr  personnel  of  N AS  A 's  eont  raetors  and  siilieorU  raei(U*s)  iiiny  l>e 
hron^hl  iiilo  ]ind  renioveil  from  Spain  frve  of  all  taxes  and  tliities; 
sneh  etfeets  shall  not  lie  sold  or  otlierwise  dispostnl  of  in  Spain  eX(*epl 
iindiu'  eorniitious  apj>roved  by  the  (fovernmeni  of  Spain* 

“(I'l  The  inesetiee  on  {inmd  (*aniii'y  of  I niled  Stales  [lersonnel, 
perscmnel  of  NASA's  eontraetors  and  snlxaml  ra<*t(H^*  in  (amnei-tion 
wilh  I he  esT  iihlishmeni  or  o|»erat  ion  of  ilie  faeilitv  shall  nor  eonstiluie 
either  vesidenet^  rn'  doniit'ile  ntid  shall  ntU,  of  itsidf*  mak<‘  sneh  silbjeel 
lo  taxation,  either  oil  ineorne  or  ]n-ti[>er1y*  However,  sneh  personnel 
shall  in)t  lHM*\em|»t  from  linlin'i't  (axes  on  y^iHids  or  servi(*es  [mrehased 
hy  1 hem  in  Spain* 

(a)  'Phe  Ihiited  States  anfirdpates  thrO  iIh»  I'aeility  wdll  he  re^ 
iinlreil  fm*  use  iinlil  duly  1,  IRPi-h  Tlie  ( lovtn'niiient  of  Spain  a^^rei^s 
that  th(^  faeility  may  U*  ofierated  under  the  general  [ndneiphs  and 
tjroeedtiin*s  provided  Ijerein  until  thai  dale,  and  for  sneli  addiiioiml 
|ierio<I  as  t he  t w*o  f lovernmerii s may  a;iree  n|a*m 

“(h)  Shonhl  ehanpal  c*ondilir>ns  alier  the  rei puriutumt  of  ilu*  (lov- 
*u*mnent  of  the  Ihiited  Stales  for  ilie  farifiiy  pi'ior  lo  duly  1.  {IMiIh 
I he  < jovenuneiif  of  I (u»  !"^nii4s|  .States  shall  havcMlie  ri/jlil  lolerminale 
its  nst^  uf  the  faeility  hv  ^'■ivin^r  ninely  tiays'  mlvani***  liotire  the 
(rovernmenl  of  S|iatn. 

*Me)  If,  upon  lenuinaling  its  n>e  of  the  faeility,  the  ruitetl  States 
( lovei'imient  should  desire  lo  drs|a»se  of  all  oi^  part  of  the  materials, 
4*fiuipineni  or  other  items  of  property  to  whteh  ti  holds  tith^  on  the 
Island  of  (ti'and  (’ariary,  the  two  < iovt*i*niiients  slnill  enlm^  into  cam* 
suttatimi  as  sram  as  p<»ssihle  prior  to  tlte  (late  of  terniiiint  iim  of  nsi*  in 
order  lo  make  the  ne(‘essary  an^un^emenis*  'The  Spanish  ( lovmmmeiu 
shiiH  liave  a )>referential  i*ijrht  in  the  pnrciiase  of  sneh  inateidah  ei|ui[) 
ineiii  and  other  ilemsof  pro[)ejl\% 

“Id,  Snpphnnentary  arnin^retnetiis  liet ween  NASA  amt  INTA  shall 
1h‘  made  fr^ini  time  iu  tiria^  as  retjuiivd  for  the  i*arryin^  out  of  the 
|nir]MJses ami  provisions f>f  this  A^ireement, 

L It  IS  imdei^Mood  that  U)  tin*  extent  tlie  irM[demenlal ion  of  thi> 
A^^reement  will  dejiend  on  fuinls  u]>[)ropr!ateil  hy  I he  ( 'oii^Tes.s  of  fhe 
Ihiiled  Stales,  il  is  snhje<a  io  I he  availahilify  of  siiidi  fiimh* 

“If  the  foree^oine-  general  principles  and  protaM lures  are  ai*i*e]itahle 
tf>  \'oui'  K,\(‘el leiiey's  Horernmenf,  I have  the  lioiior*  pm[»osi*  ihiit 
this  note  and  Viinr  Kxi^etlerieyV  ufUe  in  re]dy  to  tlmt  t*tfec*t  shall  eon- 
Mitnte  an  A^n'ement  lietween  onr  tw<i  ( h>vtu'mnents  on  i!iis  matter 
whiidi  shall  entm*  into  force  on  tlie  date  of  ycnir  noU‘  in  ja^idy/' 

On  inr(U'min;f  yoii  *>f  the  Spanish  ( tovernment's  ut*iH']>iamH*  of  the 
fore;roiny',  I reijnest,  Sij',  tiuil  yon  accept  tlie  assuraia'es  of  my  hi^h 
c^oiisideraf  i<m. 


( Si^nied)  PiiknaNik*  ( V\stikm.a* 
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